2D simulation of chemotactic bacteria aggregation by Marrocco, Americo
HAL Id: inria-00071918
https://hal.inria.fr/inria-00071918
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
2D simulation of chemotactic bacteria aggregation
Americo Marrocco
To cite this version:
Americo Marrocco. 2D simulation of chemotactic bacteria aggregation. [Research Report] RR-4667,
INRIA. 2002. ￿inria-00071918￿
IS
S
N
 0
24
9-
63
99
ap por t  
de  r ech er ch e 
THÈME 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
2D simulation of chemotactic bacteria aggregation
A. Marrocco
N° 4667
Décembre 2002
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)
Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30
   
	 
  "!# $$!#%$&
')(*,+.-/-01213054
6%798:<;=?> @BAC:EDGFIHKJLACMONP;JMRQ9JLAC:SACTLHKJUAIMON
V ;TXWYTXJU8:<;T[ZMO:<QGFC;&\B;T
]_^XMa`X;JbdcRe
f[HRQGQgMO^XJ V ;^X;Zh7G;^UZh7G;iN.j#=OkOk3l> mnZ;:Eo9^U;?pRqOq3p> pRkrQsHKtO;T
uPv#wx/yazG{Rx3|[} ;[TXJhHK^XJ_~^UMO:H:SHKJU7G;:SHKJLACZ/HRFY:<M V ;FG7GAIZh7 V ;TUZ^XAIog;T_JL7G;ZMOFIFC;ZJUACR;%:SMRJUAIMONrMK~osHKZJL;^UAIH
JhHR2AIN9tAIN3JLMHRZZMOD9N2J
JU7G;DGN V ;^UFCWYACNGtoGAIMYZh7G;:SACTXJL^WO6%7GAIT:<M V ;FHRTs^UTJ
AIN3JL^XM V DGZ; V o3W;FCFI;^
@B;tO;FNG;~MO^U:?DGFHKJUAIMONMR~JL7G;
TWBTJL;:MR~QsHR^XJUAHRF V A;^U;N3JUAHRF; 2DsHKJUAIMONGTrACTEMOo9JLHRAIN9; V o3WJL79;
AIN3JL^XM V D9ZJLACMONMR~9H%NG;RHK^UAHKoGFI;"¡JL79AITNG;&¢KHR^UAIHRoGFI;£AITTXAI:<AIFHK^gJUMJU7G;_ 2DsHRTUA¥¤s;^X:SAKFI;&O;FRAINJL7G;~^UHR:S;&MR^U
MR~YTU;:<AIZMON V D9ZJLMR^:SM V ;FCFIACNGt2¦&6%7GAITNG;&¢TWBTJL;:§MR~B]£¨m?ª©%«AIT5HRQGQG^XM¬\BAC:­HKJU; V YAH%H%:<A\B; V sN9ACJL;;FI;:S;N2J
JL;Zh79NGAI 2DG;K#6%7G;®TUMOFCD9JLACMONHRFItRMO^UAJL7G:AITJU7G;N V ;TXZ^XAIog; V HKN V GNsHRFIFW;_tOACR;®TXMO:<;®Q9^U;FCAI:<AINsHK^XW[N2DG:S;^UACZ/HRF
^U;TXDGFCJUT¨©TUQg;ZAIHRFIFWPMOD9^%:S;&JL7GM V AIT";FIFH V HRQ9JU; V JLM¯ZMO:<QGD9JU;°JL7G;ZMONGZ;N3JL^LHaJLAIMRN±MR~£osHRZ&JL;^UAHB
²±³3´µX¶E· ya¸£wR| o9AIMOQG73WYTUACZT¹sZh7G;:<MRJhH«\9ACT¹GN2DG:<;^XAIZHRF5TUAC:EDGFIHKJLACMON5¹Y:SA\9; V sNGACJU;;FC;:<;N3J
º#»½¼«¾¿ªÀaÁ«ÂÃÄ"À&¿¨¼aÅÇÆ«ÅÈsÃ&ÉªÊaË¥ÅUÀÌÊ2Á«ÍÃ¬ËXÎÊaÅ¼aËÃ&Ê«¾ÐÏÑÓÒÕÔUÖ×"ØhÙ«ÔL×ÌÚÛ2Å®ÜÓÝ«ÅXÞÐ¼aÀLßÁ«à«¾áÀÌ¼aËÅ
   	 
 
& %	&	  	¥$$!%$?&?  ®"!#&

	 w 	 | eMODGTQGHR^XJUMONGT V DGN:SM V 8FI;Ç:SHKJL79n:SHKJLAC YD9;# 2DGA V nZ^XACJFI; V nQGFIHRZ;:S;N3JZMOFCFI;Z&JLA~ V ;osHRZ&JLn^XAI;T
;J 2DGAOQG^X;N V ;NZMR:SQ9JU;FH"oGACMBZh79AI:<AI;TUMODGT¥C`UHRZ;N3JL;K;_:<M V 8FI;H%n&JLnAIN3JU^UM V DGACJ5AINGAJLAHKFI;:<;N3JgQsHR^;FIFI;^
@B;tR;FÐ[NG;PNGMRD9O;FIFI;S~MO^U:ED9FHKJUAIMON V DTXWYTXJU8:<; V n 2DsHKJUAIMONGTEHRDB\ V n^UAOn;TrQsHR^JLAC;FIFC;T;TJ¯MOo9JL;N2DG;
QsHR^[F  AIN3JL^XM V DGZJUAIMON V DGNG;RHK^UAHKoGFI;TXAI:<AIFHKAI^U;°HRDd 2DsHRTXAáNGACR;/HRD V ;E¤s;^U:<A V ;?FIH<:<M V nFIACTLHKJUAIMON V ;T°TX;:<A
ZMON V DGZJU;DG^XT;­NGMOD9R;/HRDTXWYTJL8:<;;TJ¯HRQGQ9^UMYZh7GnQsHR^DGNG;PJL;Zh7GNGAC YD9; V nFIn:S;N2JUTEsNGACT?:<A\YJL;T°N
V nZ^UAJ°;N9TUDGAJL;?F  HKFItOMO^XACJU7G:S; V ;E^UnTUMOFCD9JLACMON ;J V MONGNGMON9T° 2DG;FC YD9;T°^XnTUD9FCJhHaJLTN2DG:<n^XAI 2DG;TQG^XnFIAC:SACNsHRAC^U;T
H<:<nJU7GM V ;QG^UnTU;N3JUn;?;TXJ[QsHR^JLACZDGFCAI8^X;:<;N3JH V HRQ9JLn;HRD
Z/HRFCZDGF V ;ZMONGZ;N3JL^UHKJLACMONGT V ;osHRZJUn^XAI;T
§· x¬w µ { 	 w| oGAIMOQ972WYTXAI 2DG;R¹sZh79;:<MRJhHa\BACT¹GTXAI:EDGFIHKJLACMONPN2DG:<n^XAI 2DG;R¹snFIn:S;N2JUT%sNGAIT%:<A\YJU;T
 
	! "#$&%&%"'%( c
) * !£
	& +­!# 	&
6%7G;Õ; 2DsHaJLAIMRNGT­~MO^¯JL7G;dZMOFCFI;Z&JLAO;d:<MRJUAIMON MR~JL79;dosHRZ&JL;^UAHZ/HRN og; V ;^UAO; V ¡½ACJU7NGM~^X;;ÕQsHK^LHR:<;&
JL;^XTh¦~^XMO: JU7G;¯DGN V ;^UFCWYACNGtoGAIMYZh7G;:SACTXJL^WO6%7G;¯osHRTUACZr; 2DsHKJUAIMON9T°~MO^JL79;<oGHRZJU;^UAIHRF V ;NGTXACJ W-,±HRN V JL79;
HKJUJU^LHRZ&JhHRN3JZMRNGZ;N2JU^LHKJUAIMON/.°HR^X;S¡ TU;;<¨paá cK =K½¦
0 ,
021354
6798 ,;: 7<=> , 7 .@?BADC(, ¡«¦
0 .
021 354
EF7 8E ADGH, ¡pO¦
7G;^X;
4I6 AIT"JU7G;osHRZ&JL;^XAHRF V ACÓDGTUACMONZMRNGTXJLHRN3J
> AIT"JU7G;Zh7G;:<MRJLHRZJUAIZZMY;@J<ZAI;N3J?¡ MR^%Zh7G;:<MRJhHKZJLACZTU;N9TUACJUACYACJ W9¦C AIT"JU7G;^LHKJU;MR~#oGHRZJU;^UAIHRF V AYAITUACMON
G AIT"JU7G;^LHKJU;MR~ÇHaJUJL^UHRZJLHRN3JQG^UM V DGZ&JLACMON
4
E AIT"JU7G;Zh7G;:<AIZHRF V AD9TUAIMRN ZMONGTJhHRN3J/
6%7G;¯JL;^U:<TACN; 2DsHKJUAIMON ¡«¦ACNGZFCD V ;rJL79; V ACÓDGTUACMONMR~"osHKZJL;^UAIH9¹Zh7G;:<MRJLHRZJUAIZ V ^UA~½JHRN V)V ACYACTUAIMRN MR~
osHRZJU;^XAH9_© 2DsHKJUAIMON¡pR¦;&\BQG^U;TUTX;TJU7G; V ACÓDGTUACMON
HRN V QG^XM V D9ZJLACMONMR~#HKJUJU^LHRZ&JhHRN3J
K Nªpa~MO^%;&\9HR:<QGFI;K¹9J WYQGAIZHRFN2DG:<;^UACZ/HRFÓRHKFIDG;THR^U;tOAO;N
~MO^"JU7G;RHK^UAIMRDGT"QsHR^UHR:<;JL;^UT¹
4
6L3 MNPO&QSRT Z: 8#U TWV 4
EX3 OYQRZ Z: 8U TWV
> 3 OYQR[T Z: Z U TWV G 3 OYQ\ U T U osHKZJL;^UAIH9
6£HR2AINGt HÕoGHRZJU;^UAIHRF V ;NGTXACJ W, 3]O&Q T U Z: \ JL7G;­FI;N9tRJL7¢TXZ/HRFC;PAIT?HRogMOD9J9^_ Q :<AIZ^XMONGT?HRN V JL79;­JLAC:S;TUZ/HKFI; O&Q`Q`a K N¢TXMO:S;<TU;:SA TXMOFIA V :S; V AH¡ FCAIR;<HRtOHR^h¦Ì¹JU7G; V AD9TUAIMRNMR~"osHRZJU;^XAH
AIT:EDGZh7¢TXFIM¬;^JU7sHRN¢HaJUJhHKZJhHKN2J
V ACÓDGTUACMONÕ7GACZh7:<MRJLAKHKJL;JLM V ^UMRQ)JU7G;rJL;^X: AJL7 JLAC:S; V ;^UAKHKJLAO;rAIN; YDGHKJLACMON ¡pO¦ÌE6%7GAITFCAI:<ACJZ/HRTX;
AIT[HRFITXMSZMON3O;NGAI;N2J~MO^HKTXWY:SQBJLMRJUAIZoÓ;7sH/YAIMODG^7G;NÕZMON9TUA V ;^UACNGt<MRJL7G;^:<; V AH9%e[MRJLACZ;JL7GHKJ~MR^MRJU7G;^
HRQGQGFCAIZ/HaJLAIMRNGT¹2JL7G; V AD9TUAIMRNMR~£HKJUJU^LHRZ&JhHRN3JLTACT"NG;tRFI;Z&JL; V ¹GJL7GACT%AIT"JU7G;Z/HRTX;~MO^HRNGtOACMOtO;NG;TXAIT¹BTU;;­cb«HRN V
JL7G;^U;&~;^X;NGZ;TJL7G;^U;ACN5
K NPH VGV ACJUAIMON¹3Z;FCFIT V ACYA V ;:EDGZh7P:<MO^U;TXFIM¬FCWrJU7sHRNSJU7G; V WYNsHR:<AIZT_JhHKR;Q9FHRZ;?¡½JL7G;[JLAC:S;%TXZ/HRFC;[~MO^®Z;FIF
V ACYAITXAIMON AITHRogMOD9Jp<7GMODG^XTh¦[TXMPJL7sHaJ;EZ/HRN±JhHRK;
C 3dQ AIN¡¥«¦~MR^HRNd;N3JL^WÕFI;&O;F#:<M V ;F6%7G;E:<M V ;FDGTU; V ~MO^"JU7G;NYD9:S;^UAIZHRF5TXAI:EDGFIHKJLACMONGTAIT"JL79;N
JL7G;~MOFCFIM¬AINGt
0 ,
021 3e4
6f7 8 ,!: 7<=> , 7 .@? ¡Ðc3¦
Q;354
EF7 8E ADGH, ¡ =2¦
7GAIZh7
;^U;Ìá^XACJL;<¡½~MO^"ZMON3O;N9AI;N9Z;¬¦
:hg2ij =kmlfn`oqp gsr&?t:uGv, 35Q ¡bO¦
0 ,
021 :wgfiPj =kmxBn`oqp gs,y:{z, n`oqp g|r&? 35QfN ¡Ðk3¦
ÍÍ ¼}f~WØ
=   "#"'&
6%7GACT#FIHRTXJ£~MO^U:ED9FHKJUAIMON<¡X¡bO¦á&¡ÐkO¦U¦&¹aTXJU^UMON9tOFCWFIMYMO2TFIAIK;HZFHKTUTUACZ/HRF2:<M V ;F2MR~sJL^UHRNGTXAI;N3J V ^UA~½JX V ACÓDGTUACMONMR~
;FC;ZJU^UMON9TACN±TX;:<AIZMRN V DGZ&JLMO^:<; V AIH±¡NG;R;^JL7G;FI;TXTJL79;JU;^X:AIZh7dZMO^U^X;TXQÓMON V T79;^U;JLM¯JL7G;HKJXJL^UHRZJLHRN3J
QG^UM V DGZ&JLACMONdACTACJU7ÕHRNdMOQGQgMOTUAJL;TUAItRN.¦&[6%7G;EHaJUJL^UHRZJLHRN3J°ZMONGZ;N3JL^LHaJLAIMRN-.ZMO^X^U;TXQÓMRN V TJUM­JL7G;;FC;ZJU^UMK
TXJLHKJLACZQgMRJL;N3JLAHKF¡Ç¦Ì¹YJU7G;oGHRZJU;^UAIHRF V ;N9TUACJ W9,?JUMJU7G;;FI;ZJL^XMON V ;NGTXACJ Wd¡5¦&¹2JL7G;Zh7G;:<MRJhHKZJLACZZMB;J<ZAI;N3J
> JLMdJU7G;P;FI;Z&JL^XMON:SMRoGAIFCACJ W ¡
	R¦& T?AIN¢TX;:<AIZMRN V DGZ&JLMO^:SM V ;FCFIACNGt~^LHR:<;MO^U.¹_HÕNG;&i~MO^U:ED9FHKJUAIMONMR~TWBTJL;: ¡X¡bO¦á&¡ k3¦U¦AIFCF5og;MOoBJhHRACNG; V o3W±ACN3JL^UM V DGZ&JLACMON
MR~H¯RHK^UAHKoGFI;°7GACZh7dACT[TXAI:<AIFIHR^JLM¯JL79;;FI;Z&JL^XMON
 2DsHRTUA¥¤s;^X:SAÓFI;&O;FHRN V V ;NGMRJU; V o2W9
e[MRJL;JL7GHKJ%;Z/HKN sN V ACN
JU7G;QsHRQg;^¨paÐ¹sMONG;MRJL79;^"~MO^X:EDGFHaJLAIMRNPMR~£; .¡ =2¦
Qy3e4IEF7I8E A GH, R ¡lO¦
7GAIZh7ZHRNoÓ;SDGTU; V 7G;N:<M V ;FIFCAINGtJL79;P~MOFIFCM«ACNGt~ HRZJ<79;NJL7G;­osHRZJU;^XAHRF V ;N9TUACJ WoÓ;ZMO:<;TJLMYM
7GAItR75¹YJU7G;°osHKZJL;^UAIH?ZMON9TUDG:<;HRFCF.JU7G;~MYM V TUMOD9^UZ;T¡ TXDGZZAINsHKJU;HRN V M/\YWYtO;Ns¦AIN­JU7G;AC^FCMBZHRF.;N3YAI^UMRNG:S;N3J
HRN V Z;HRTU;QG^UM V DGZAINGtrJU7G;HKJUJU^LHRZ&JhHRN3J[HRTXQsHR^XJLHKJL;K6%7G;QsHR^LHK:S;&JL;^s,AIT"JU7G;ZD9JUMRosHRZ&JL;^UAHKF V ;N9TUACJ WR
°NG;MR~JU7G;°QG^XMOoGFC;:iJL7sHKJ"7sHRT%HKJXJL^UHRZJU; V oGACMOFIMOtRAITXJUT®HRN V :SHKJL7G;:­HaJLAIZAHRN9TACTJLMrD9N V ;^XTXJLHRN V QsHKJXJL;^XN
~MO^U:SHKJUAIMON AINÕTXDGZh7:SM V ;FIT6%7G;r:<MOTXJNGMRJLACZ;HRoGFI;K¹HKN V ZMO:<QGFC;&\dHRFITXM­ACTJL79;rHRtOtO^X;t3HaJLAIMRNdMR~_osHKZJL;^UAIH
¨kaá¨laK¨pa =RÐsK NdJU7GAIT[QsHRQg;^;AIN3O;TXJUAIt3HKJU;JU7GAIT[QsHKJXJL;^UNdoGHRTU; V MONÕH¯:SA\B; V GNGACJU;;FI;:<;N3J:S;&JL7GM V 
} ;oÓ;tOAINACJU7EHRN9MRJL7G;^£~MO^X:EDGFIHKJLACMONosHRTX; V MON 2DsHRTUA¥¤s;^X:SA3FC;R;FIT¹KJU7G;N?; V ;TUZ^UACoÓ;®JL7G;_sNGAJL;®;FI;:S;N3J
HRFItRMO^UAJL7G:HRN V ;QG^X;TX;N3JACN Hr~MRDG^XJU7 TX;Z&JLAIMRN±TXMO:S;N2DG:<;^XAIZHRF5^U;TUDGFJLT
   +S!# 
	   "!P$#  %	&%
¤#AI^XTXJMR~9HRFCFK;ZHRNAIN3JL^XM V D9Z;®H%TUZ/HKFIAIN9t%MONJU7G; .#KHR^UAIHRoGFC;¡ÐHKJXJL^UHRZJLHRN3JZMONGZ;N3JL^UHKJLACMON.¦ÓYAH"JU7G;_QsHR^LHK:S;&JL;^'  ( 3 )( ' ¡*3¦
6%7G;TXWYTJL;: ¡bO¦ Ì¡Ðk3¦Ì¹Gog;ZMR:S;T
:hg2ij =kmlfno'p g,+rY? :.-FGv, 35Q ¡*/3¦
0 ,
01 : g2ij10 kmx n`o'p gs,!: z- , n`o'p g2+r43 35Q ¡¬q3¦
¡A6587E5:9 ZMODGF V oÓ; H VGV ; V JUMJL79;ÕFI;&~½JP7sHRN V TUA V ;ÕMR~S¡/3¦<A~JL7G;dJU^LHRN9TUAI;N3JP; 2DsHaJLAIMRN ~MO^SJU7G; HKJXJL^UHRZJLHRN3JV ACÓDGTXAIMONHRTZMONGTXA V ;^U; V ¦& } ;ACN3JL^UM V DGZ;H¯N9; KHR^XAHRo9FI; ¯o3WTX;JXJLAIN9t
, 3 , = +. V<? 3 ,>=?A@BDCFE&GH ¡O«¦
7G;^X;I ,>=AITH ZMONGTJhHRN3J
¡½7GAIZh7ZMO^X^U;TXQÓMRN V TJUMdH tOACR;NosHRZJU;^XAHRF V ;NGTUAJ WO¹#JU7G;¯RHK^UAHKoGFI;J+.¯HRN V ¡ MO^
JL7G;AI^%TXDG:P¦%HR^X;°JL7G;N±; 2DsHRFJLMLK;^UM2¦
IM 3 ' 4
6> 6%7GACT%ZFIHRTUT"MK~KHR^XAHRo9FI;TAIT"D9TU;~D9FoÓ;Z/HRDGTX;°;;Ì\9Qg;Z&J7GAItR7PRHKFIDG;T"MR~v,±¡ ZMRFIFHKQGTU;/¦HRN V JU7G;QÓMKJL;N3JUAHRF¯AITHr:<MO^U;^X;/HRTXMONsHRo9FI; 2DsHRN3JLAJ WO_6%7G;TXWYTXJU;: MR~£; 2DsHaJLAIMRNGTZ/HRN NGM¬ og;^UACJXJL;N±HKT
:hg2ij =kmlFno'p g2+r&? :N+G , = +rV<O ? 3eQ ¡«pO¦
»
PÍ»
Q
 
	! "#$&%&%"'%( b
0 , = +.V<?01 : g2iPj = +zS, = +rV<O ? no'p g,O&? 3 Q ¡¬c3¦
7G;^X; +> 3 >  ' V +G 3 G '
6%7G;_TXWYTJL;:§MK~9; YDGHKJLACMONS¡«pO¦á&¡¥¬c3¦.79;^U;_JL79;DGNG2NGM¬NGTÇHK^U;,+.ÇHRN V  "AIFCFRog;®D9TU; V ~MO^5JU7G;N2DG:S;^UACZ/HRF
HRQGQG^XM¬\BAC:­HKJUAIMON6%7GACTTXWYTJL;: 7sHRT[JLM<oÓ;ZMO:<QGFC;JL; V AJL7ÕHKQGQG^UMRQG^UAIHKJL;ogMODGN V HK^XW
ZMRN V ACJUAIMON MON.+.HRN V¯HRN V AIN9ACJLAIHRFgZMON V ACJLACMONP~MO^"JU7G;osHRZJU;^XAHRF V ;NGTXACJ W ,s
© .¡¬pO¦AITTUAC:SACFHR^_JLM¯JL79;]MOAITXTUMON±; 2DsHKJUAIMON±HRN V ; .¡¬cO¦"JUMrJL7G;;FC;ZJU^UMON ZMRN2JUAIN2DGAJ W; 2DsHKJUAIMON
ACN
JL7G;TU;:SACZMON V DGZJUMO^"~^LHK:S;&MO^X.
 # <!­  +Ì 	 r!# !P &     	&  	$
	
!£&

  "!!$#&%'(*)+#, -/. 10213465
¤.MRFIFIM¬ACNGt° /K¬qaáO¬p«Ð¹RHRN V HRTXTUDG:<AIN9t"JL7sHKJmAI^UACZh7GFI;&JoÓMRDGN V HR^WZMRN V ACJUAIMONMRNH%QsHK^XJMR~YJL7G;_ogMODGN V HR^XW
¡87:9&¦<;rMR~gJL79;ZMO:SQ9D9JhHKJUAIMONGHRF V MR:­HRACN =>;EHRN V e;DG:­HKNGNSogMODGN V HR^XW¯ZMON V AJLACMONrMON¯JL7G;[ZMO:<QGFC;:<;N3JhHR^W
oÓMOD9N V HR^WQsHR^J¡87 3¦79MOF V ~MO^"JU7G;RHK^UAHKoGFI;T+.HRN V B¹G;ACN2JU^UM V DGZ;JU7G;@?sDB\KHR^XAHRo9FI;T
AB 3 4
ESn`o'p g +r V +C  3 +zF, = +r`V<O&? n`o'p g O V ¡/=2¦HRN V HRN
; 2DGACKHRFC;N3J%~MO^X:EDGFHaJLAIMRNPMR~JL7G;TXWYTJL;: ¡¥«pO¦á&¡/c3¦
DEEEEEEEEF EEEEEEEEG
: g2iPj +H : +Gv, = +r`V< O&? 35Q AIN = ¡¥ bO¦AB 3 4
EFno'p g,+r AIN = ¡¥¬k3¦AB < A 3 4
Ev<KJ [  MON27  [ ¡¥«lO¦+. 3LJ [ 9 MON27:9 [ ¡¥ 3¦DEEEEEEEEEF EEEEEEEEEG
0 , = +. V:?021 :ug2ij +C  3eQ AIN = ¡¥ /3¦AM  3 +> , = +. V<`? n`o'p g, O AIN = ¡ÐpRq3¦AM  < A 3 +> , J 8  MONI7  8 ¡ÐpB«¦ 3J 8  MONI7:9 8 ¡ÐpOpO¦J [ 9%HRN V J [ ?HK^U;tOACR;NSoÓMOD9N V HR^WrZMON V ACJUAIMONGTMRN +.¡ ^X;TXQÓ;ZJLAO;FCW¯MR~5mAI^XAIZh7GFC;J®HRN V e;DG:SHRNGNSJ WYQg;¬¦Ì¹9HRN VJ 8 9°HKN V J 8 ¯TUAC:SACFHR^XFCWE~MO^, 96%7G;TXWYTJL;:;7sH/O;JLM¯ZMONGTUA V ;^%ACT%NGM¬ :SH V ;D9Q MK~£~MOD9^"; 2DsHKJUAIMON9T¡ bO¦¡¥¬k3¦°¡¥ /3¦°¡ÐpRq3¦AJL7PJL79;
~MODG^%DGNG2NGM¬NGT = +. V AB9V:V AM  ?&} ;ZMONGTXA V ;^[N9M« JL7G;~MOFCFIM¬AIN9t¯@BMOogMOFI;&PTXQsHRZ;T
N = g2iPj2? 3PORQ S QPT =1U 8 = =|? ? 8 V g2iPj QPTVU 8 = =|?XW ¡pRc3¦
ÍÍ ¼}f~WØ
k   "#"'&
B =   3PO S LT N = g2ij2?#V Q <$3eQ MON 7 O   W ¡pK=2¦
6%7G;N5¹O~MO^TUDfJ<ZAI;N3JUFCWTU:<MBMRJU7 V HaJhH[;"ZHRNrMOo9JLHRAINJL7G;~MOFIFCM«ACNGt; 2DGARHKFI;N3J V DsHRFB:SA\B; V KHR^XAHKJUAIMONGHRF
~MO^U:?DGFHKJUAIMON­MR~£JU7G;MO^UACtOAINGHRFÓQ9^UMOoGFC;: 
¤#AIN V AB T N = gfiPjf?V +r TVU 8 = =|?AM  T N = g2ijf?V O TVU 8 = =|? TXDGZh7±JU7sHKJDEEEEEEEEF EEEEEEEEG
: 	
 gfiPj AB < [ : 	
 +G , = +.V<? < [ 35Q  [ T 8 = =|? ¡pbO¦	 

4IE R[ AB < A [ A 	 
 +. < g2ij A [ : 	 J [ 9 < A [ < A  7 35Q  A [ T B =  [ ¡pKk3¦AB < A 3 4
E$J [ MON 7A  [ ¡pRlO¦DEEEEEEEEF EEEEEEEEG
	 
 0 , = +. V:(?021 < 8  : 	 
 g2iPj AM  < 8  3 Q  8 T 8= =|? ¡p 3¦	 
 +> , = +.V<?  R[ AM  < A 8  A 	 
  < gfiPj A 8  : 	  J 8 9 < A 8 < A  7 3 Q  A 8 T B =  8 ¡p /3¦AM  < A 3 +> , = +.V< (? < J 8  MONI7 !  8 ¡ÐcRq3¦
¤sMO^_JL7G;[N2DG:<;^UACZ/HRFgHRQ9QGFIACZ/HKJUAIMONGT[¡ HRT®MR~½JL;N­ACJ®7sHKQGQÓ;NGTh¦;[AIFCFs7sH/O; J [ #" J 8 #" Q TUMJU7sHKJ®;FIMYMO~MO^ AB HRN V AM  ACN B =  [ HRN V B =  8 ^X;TUQg;Z&JLAO;FWOT"AINd/K«pa¬c«á/=RgJL79;QG^X;YAIMOD9T~MO^U:?DGFHKJUAIMON±¡Ðp`bO¦6;Ó¡pOlO¦HRN V ¡p O¦6;¡ cOq3¦HRFIFCM¬TDGTJLM?^X;/HRFCA K;;HRTUACFCW
H V AITUZ^U;&JL;HRQGQG^XM/\9AC:­HaJLAIMRN­YAHr:SA\B; V sNGAJL;;FC;:<;N3JLT
} ;S^X;JLHRAIN JL79;SFCM«;TJ?MR^ V ;^?b)ª¤¨©%MR~%f[H/BAIHR^XJ 6%7GMR:­HRT =%$'& = ?°~MO^AI:<QGFI;:S;N3JhHKJUAIMON5?~½JL;^?HJL^XAHRNGtOD9FHKJUAIMON)(* MR~[JL7G;
ZMO:SQ9D9JhHKJUAIMONGHRF V MR:­HRACN =,+.-[¹[; V ;&sNG;
JL7G;~MOFCFIM¬AINGt±sNGACJU; V AI:<;N9TUAIMRNsHRF
TUQsHKZ;T
 * 3PO * T 8= =|? S 0/ T (*(V  * S 1 3 ZMONGTJhHRN3J W V ¡Ðc9«¦B2* 3 O * T N = g2iPj2? S 03 T (54(V Q 4 =76 V8f? S 9h3;::=<>? >
A)@ 9A::CBD W N ¡Ðc3pO¦} ;rHRTXTUDG:<;EHRFCTUM<JL7sHKJ7 !   =FE 3 O V#^`?%AIT[MOo9JLHRAING; V o3W±DGNGAIMRNdMR~_; V tO;TMR~ÇJL^XAHRN9tOFI;T79AIZh7 og;FIMRNGtSJUMJL7G;:<;TX7G(*?HRN V JL7GHKJ B =     * 3 B =  H B2* N ¡ÐcOc3¦
6%7G;NrJL7G; V ACTUZ^U;JU;~MO^X:EDGFHaJLAIMRNMR~sJU7G;%QG^XMOoGFI;:§~MOFIFCM«T V AI^X;Z&JLFCW~^XMO:¡p`bO¦ ;¡ÐcRq3¦o3WE^X;QGFIHRZACNGt  8 = =|?o3W  *HRN V B =   o3WIB =     *O
 I J'#)+#,  K#$6)L
f[;&~;^XAINGtSHRt3HRACNPJLM¯JL7G;QGDGo9FIAIZHKJLACMONGT"^X;FIHKJL; V JUMSTX;:<AIZMRN V DGZ&JLMO^[HR^X;/H /«áO¬pa®/cKá/=a¹sKHR^UACMODGTHRFCtOMK
^UAJL7G:<T°HR^X; V ;TUZ^XAIog; V ~MO^HNM¥TJhHKJUAIMONsHK^XWPOO;^UTUACMON MR~_TWBTJL;: ¡p`bR¦6;¡ cOq3¦¡ A ;R°AJL7GMRD9J 5 5:9 JL;^X:RQª¦& ;&JDGT^U;Z/HRFCF7G;^X;JU7G;:­H¬`XMO^"Zh7sHR^UHRZJU;^XAITXJUAIZT[MK~£JU7G;TX;N2DG:<;^XAIZ/HKF5TUZh7G;:S;TI HRTUTXMBZAHKJUAIMON¢JUM;HRZh7§¡TXJhHaJLAIMRNsHR^XW9¦?; YDGHKJLACMON ¡QG^UAC:­HKFKHR^UAIHRoGFC;¬¦MR~[JL79;±TWBTJL;: MK~°HRNSMHK^XJLAsZAIHRFTO
JL^UHRNGTUAC;N3J[; 2DsHKJUAIMON¹
»
PÍ»
Q
 
	! "#$&%&%"'%( l
I TU;:SA AI:<QGFCAIZAJ ¡Ð];/HRZ;:SHRN,fHKZh79~MO^ V ¹mMODGtOFIHRTf[HRZh79~MO^ V ¦SMO^PAC:SQ9FIAIZACJ±¡ "HRZh3"HK^ V  ©_D9FI;^L¦SJLAC:S;
V AITXZ^U;&JLA K/HKJUAIMONTXZh7G;:<;T~MO^"JL79; M¥HR^XJUACsZAHRF O[;RMOFID9JUAIMON; 2DsHKJLACMONGT [TU;MR~£FIMYZ/HRFgJLAI:<;°TJL;Q9T¹I ^U;FIHa\9HKJLACMONMON
JL7G;; YDGHKJLACMONGTHKJ;HRZh7±JUAI:<;°TXJU;Q5¹I ~MO^;/HRZh7PJUAI:<;TXJU;Q5¹9HRN V ~MO^;/HRZh7; 2DsHKJLACMONPMR~JU7G;°TWBTJL;:±¹GTXMOFIDBJLAIMRN­MR~JU7G;°NGMON9FIAIN9;/HR^®QG^UMRoGFI;: o3W
e;%JUMONB fHRQ97GTUMON
JL;Zh7GNGAC YD9;R
6%7G; ~ HRZJSJL7sHKJ<;ÕHRTXTUMYZAHaJL;±HRN M¥;&OMOFCD9JLACMONOP; 2DsHKJUAIMON HKN V JU7G;dDGTX;dMR~°AI:<QGFIACZACJEMO^STX;:<AáAI:<QGFIACZACJ
TUZh7G;:S;T°AITHRNÕMRJU7G;^["H/W JLMSZMONGTXA V ;^°HRD9tO:S;N3JL; V HKtO^LHRN9tOAHRN
JL;Zh7GNGAC YD9;T~MO^JL79;?TUMRFID9JUAIMON±MR~TLH VGV FI;
QÓMOACN3JQG^UMOo9FI;:<T¯ ba®HR^XAITUACNGtP~^UMR: JL7G;<:<A\B; V ~MO^X:EDGFHaJLAIMRN5 MBZHRF#JUAI:<;rTXJL;QGTEHK^U;¯ZFCMOTU;FCWÕZMONGNG;ZJU; V
ACJL7JU7G;QÓ;NsHRFCJ WS~DGNGZ&JLAIMRNGTAINJL7G;~^UHR:S;&MR^U­MK~#DGtO:<;N3JL; V HRtO^UHRNGtOAIHRNPJL;Zh7GNGAC YD9;T
@BQg;ZAHRF~;HKJLD9^U;T
MR~TUD9Zh7 HRN HRQGQG^XM3HRZh7,HR^X;)^X;FIHKJLAO;ÕTXAI:<QGFIACZACJ W HRN V ;HRTU;MR~AI:<QGFI;:S;N3JhHKJUAIMON MR~
:SM V ;F;Ì\BJU;NGTXAIMON9T KáJ°ACT;HRTXW JLMH VGV MONG;?; 2DsHKJUAIMONdJUMSJU7G;ETXWYTJL;: ACJU7GMOD9JNG;; V MR~ V ;;Q Zh7sHRNGtR;T°ACN
JL7G;¯HRFCtOMO^XACJL79: HR^UZh7GAJL;ZJLD9^U;R?© YDGHKJLACMONGTHR^X;E7sHRN V FI; V TXDGZZ;TUTXACR;FCWACNdJL79;¯HRFItOMR^UACJU7G:<AIZQG^UMYZ;TUTE6%7GAIT
NYD9:S;^UAIZHRFYTUZh7G;:S;K¹3TUQg;ZAIHRFIFW7G;NrD9TUAIN9t°osHRZh3HR^ V ©DGFI;^£~MO^JLAC:S; V AITXZ^X;JLA K/HKJUAIMON¹K7sHKTHRQGQg;/HR^X; V JUM°oÓ;
^LHKJU7G;^;@J<ZAC;N3J°~MO^TU;:<AIZMON V D9ZJLMR^ V ;&BACZ;
¡ V ^UA~½J V ACÓDGTUACMONd:<M V ;F£HRN V TJhHRN V HR^ V HRQ9QGFIAC; V QgMRJU;N3JLAIHRFITL¦&
N9;­Z/HKN¢JL7GACNG^U;/HKTUMONsHKoGFCWJL7GHKJEA~"JL7G;SZMOD9QGFIACNGtdog;J ;;NJU7G;P; YDGHKJLACMONGT?MK~%JL7G;STXWYTXJU;: ACT?NGMKJ M JUMBM
TXJL^XMONGt!O°JL7G;N JU7G;^X;FIHa\9HKJLACMONMON
JL7G;; 2DsHaJLAIMRNGT V MSNGMKJQÓ;NsHRFIA K;TJL^UMRNGtOFCW­JL7G;­¡ TXQÓ;; V MK~h¦ZMON3O;^XtO;N9Z;
MR~.JL7G;"AJL;^LHKJU;T#JUM«HR^ V TÇJL7G;%TJhHKJUAIMONGHR^XWTUMRFID9JUAIMONEMK~sJL7G;"7GMRFI;"TWBTJL;:±Ç6%79AITÇACTÇZ;^XJhHKAINGFW7GHKJ_7sHRQGQg;N9T
AINJL7G;TJhHKJUAIZ V ^XAC~½J V AD9TUAIMRN:SM V ;FÓ~MO^%^U;tOAI:<;T%NGMKJTUM¯~ HR^"~^UMO: JL7G;; YD9AIFIACoG^UACDG: TXJhHaJL;R
e;&O;^XJL79;FI;TUTJL79AITTXMOFIDBJLAIMRNdJL;Zh7GNGAI 2DG;E~ HKAIFI; V 7G;NHRQGQGFCAI; V JLMP;NG;^XtRW3áJU^LHRNGTXQÓMR^XJ:<M V ;FIT[~MO^TX;:<A
ZMON V DGZJUMO^UTS¨ka¨laÐ °NG;<; 2DsHKJUAIMON¡ ^X;FHaJLACR;EJLM ;FC;ZJU^UMON)JL;:SQg;^UHKJLDG^X;¬¦°7sHRTog;;NH VGV ; V JLM
JL79; V ^XAC~½J
V ACÓDGTUACMON:<M V ;FOHRN V JU7G;ZMON9TXJLAJLD9JUACR;^U;FIHKJLACMON°~MO^JU7G;_ZDG^X^U;N2J V ;NGTUAJ W7sHRTog;;NTXFIAItR72JUFCW[:<M V As; V 6%79;
QG^U;&BACMODGTNYD9:S;^UAIZHRFTUZh7G;:S;MO^X2T°ZMO^X^U;ZJLFW MONGFCW~MR^TXMOFID9JUAIMON9T[R;^XW±ZFCMOTU;JLM<JL7G;E; 2DGAIFCAIoG^XAIDG:TXJhHaJL;R
K NMO^ V ;^JUM ^U;ZM¬O;^EJU7G;HRFCtOMO^XACJL79:SACZEoÓ;7sH/YAIMODG^¹Ç~MO^J WYQGACZ/HRFFIM3H V ^LHKNGtO;R¹#TUAI:<AIFIHR^JLMdJU7G;Pog;7sH/YAIMRDG^¹
MOo9JhHKAING; V 7G;NDGTUACNGtdJL79; V ^XAC~½J V ACÓDGTUACMON):SM V ;FÐ¹£MRNG;­7sHKT?JLM±ZMONGTXA V ;^?TXAI:EDGFJhHRN9;MODGTXFCW ¡ZMODGQ9FI;¬¦°JL79;
; 2DsHKJUAIMONGT­^U;FIHKJLAO; JLM¢JL79;Õ;FC;ZJU^UMON ZDG^U^X;N3J ZMON3JUAIN2DGACJ W HRN V JU7G;Õ;NG;^XtRW§¨laÐ 6%79; AI:<QGFI;:S;N2JLHKJLACMON
MR~°TXDGZh7 N2DG:<;^XAIZ/HKF%TUZh7G;:S; AIN HFIACJXJLFC;PoGACJ¯:<MO^X; ZMO:<QGFIACZ/HKJU; V oGD9J<TX;;:<TSH)NG;Z;TUTUAJ WJLM)AINGTXDG^U;JL79;
ZMON3O;^UtO;NGZ;MR~JL7G;ACJU;^UHKJLAO;QG^XMBZ; V DG^X;R
K NQsHRTJ"~;WR;/HR^XT";HR^X;HRFCTUMEACN2JU;^X;TXJU; V o3WSJU7G;°N2DG:<;^XAIZ/HKFTUAC:EDGFIHKJLACMONSMK~JL7G;JU^LHRN9TUAI;N3J%oÓ;7sH/YAIMODG^
¡ QG73WYTUACZ/HRFJL^UHRNGTXAI;N3Jh¦MR~"H±TX;:<AIZMRN V DGZ&JLMO^ V ;&BACZ;<tOM¬O;^UNG; V o2W JU7G; V ^UA~½J V ACÓDGTUACMON:SM V ;F[¡N2DG:S;^UACZ/HRF
TUAI:?DGFHKJUAIMON­MR~£JU7G;TXAJLZh7GACNGt¯MR~ÇH V ACM V ;¬¦&6%79;:<M V ;F5ACT"O;^XW
ZFCMOTU;JUM¯JU7G; M¥Zh7G;:SMKJhHa\BAIT%:<M V ;F Oh
~½JU;^JL7G;<TU;:SA V ACTUZ^U;JUA KHKJLACMON AINJLAC:S;K¹£DGTXAINGt
~DGFCFCW AC:SQGFCAIZACJ°TXZh7G;:<;R¹;S7sH/O;­JUM V ;/HRFACJU7¢H
TU;Ì
 YD9;NGZ;SMR~ M  YDGHRTUA TXJLHKJLACZ OQG^XMOoGFI;:ST7GAIZh7)HR^X;rTUAI:<AIFIHR^%JLMJL79;rTXJhHaJLAIZ V ^UAC~½J V ACÓDGTXAIMON QG^XMOoGFC;: 7GAI:<TU;FC~¥¹
oGD9J°tR;NG;^LHRFCFCW
;/HKTUAI;^JUMPTUMOFO;Eog;ZHRDGTX;?JL7G;?NGMONGFCAING;HR^UAJLAI;T%AIN3OMRFCO; V HR^U;MR~FCM«;^°HR:SQ9FIACJUD V ;K[6%79; V ;&
tO^U;;MR~NGMONGFCAING;HR^UAJ WS:SH/W­og;ZMRN2JU^UMOFCFI; V AINQG^UHRZJUAIZ;o2W­JL7G;QG73WYTUACZ/HRFÓJLAI:<;TJL;Q5®¤.MR^ M R;^XWPTU:SHRFIF.JLAC:S;
TXJL;QO[JL7G;MOQg;^LHaJLMO^®tOM¬O;^UNGACNGt?JL79;JL^UHRNGTXAI;N3JJL;N V TJLMJL7G;A V ;N3JLACJ W<MOQg;^UHKJLMR^°¡FIAIN9;/HR^_MOQg;^UHKJLMO^L¦HRN V ~MO^
TUDfJ<ZAC;N3JLFW<FHR^XtO;[JUAI:<;TJL;QGT¹9JU7G;MRQÓ;^LHKJUMO^ZMO^U^X;TXQÓMON V TJLMJL7G;TXJhHaJLAIZ V ^XAC~½J V ACÓDGTUACMON ¡½~DGFIFWrNGMON­FIAIN9;/HR^
MOQÓ;^LHKJUMO^h¦Ì
6%7G;
s^UTJPHaJUJL;:SQBJ<~MR^EJL7G; N2DG:S;^UACZ/HRF%TXAI:EDGFIHKJLACMON¢MR~JL7G;
JL^UHRNGTXAI;N3J<og;7sH/YAIMOD9^¯HRT¯JLMHRQGQGFW¢JL79;
:SMOTJ_;@J<ZAC;N3J®TUZh7G;:S; V ;&O;FCMOQGQg; V ~MO^ÇJL7G;TJhHKJUAIZ V ^XAC~½J V ADGTXAIMONr:<M V ;FsHaJ;HRZh7 M¥ 2DsHRTXAsTXJhHaJLAIZ O%QG^XMOoGFC;:
MOo9JhHKAING; V YAHJL7G;STU;:SA V ACTUZ^X;JUA K/HaJLAIMRN AINJUAI:<;¯MR~JU7G;SJU^LHRNGTXAI;N2J:<M V ;FPTJU7G;SJUAI:<;<TJL;Q¡ QG73WYTUACZ/HRF
JLAI:<;?TJL;Q.¦oÓ;ZMO:<;TTU:SHRFIFC;^HRN V TU:SHRFIFC;^JL7G;?ZMON3O;^UtO;NGZ;<MR~_JL79;EACJU;^LHaJL;ToÓ;ZMO:<;T:<MO^U;?HRN V :<MO^U;
V APJ<ZD9FCJÇJUMMRo9JhHRACN<HRN V TUMOFCD9JLACMONrMR~Ó 2DsHRTUA TJhHKJUAIZ%QG^XMOoGFI;:ST#AITNGMRJ®^X;/HRZh7G; V 6%7G;%7GMOFC;HRFItRMO^UAJL7G:§~ HRACFI; V
JLM¢ZMON3O;^XtO;R 6%7G;dMONGFCW QGFIHRDGTXAIoGFC;±;Ì\9Q9FHRNsHaJLAIMRN JLMJL7GACTPHRFCtOMO^UAJL7G: oÓ;7sH/BACMODG^SAITSJU7sHKJ¹HKTSJL79;dJLAC:S;
TXJL;Q¡QG73WBTXAIZHRF5JLAC:S;°TJL;Q.¦og;ZMO:<;TTU:SHRFIFC;^¹BJL79;ZMODGQGFCAINGtrog;J ;;NdJL79;; 2DsHKJLACMONGT¡Ð]MOAITXTUMON ; 2DsHaJLAIMRN
ÍÍ ¼}f~WØ
   "#"'&
HRN V ZMRN2JUAIN2DGAJ W­; YDGHKJLACMONGTh¦og;ZMO:<;T"TJL^UMRNGtO;^¹sHRN V JU7G;^U;FHa\9HKJUAIMONSTXJL^UHKJL;tRW¡ V ;ZMODGQGFCAINGt3¦DGTU; V AINPJL79;
N2DG:S;^UACZ/HRFHRFCtOMO^XACJL79:ACT%NGM­:<MO^U;H V HRQ9JU; V ®:<MO^X;AI:<QGFIACZACJTUZh79;:<;?7sHRT%JUMSog;DGTU; V ~MO^"JL79;TXMOFID9JUAIMON
MR~#JU7G;? 2DsHKTUAáTXJLHKJLACZQG^UMOo9FI;:<T6%7G;~D9FIFCW­AI:<QGFIACZAJTXZh7G;:<;¡MON±JU7G;TWYTXJL;: HRN V N9MRJ[MONd;HRZh7d; YDGHKJLACMON
MR~JL7G;TXWYTJL;:­¦%7sHRToÓ;;N AI:<QGFI;:S;N3JL; V HKN V ZMON3O;^UtO;NGZ;"HRT^X;TXJUMO^U; V 
} ; V ;TXZ^UACoÓ;NGM¬ HKN±H V HRQ9JLHKJLACMONMR~JL7GACT%NYD9:S;^UAIZHRF5TXZh7G;:<;?HKT[TXAI:<QGFCW­HRTQgMOTUTXAIoGFC;R
¦@B;:SA V ACTUZ^X;JUA K/HaJLAIMRN­AINJUAI:<;¯¡ QG73WYTUACZ/HRF5JUAI:<;¬¦Ì¹Go3W
HE~DGFIFWPAI:<QGFCAIZAJ®TUZh7G;:S;­¡  "HKZh2HR^ V ¥©DGFC;^h¦
6%7G;TUMOFCD9JLACMON
MR~#JU7G;QG^UMOo9FI;: ^X;QG^X;TX;N3JLTHKNdHRQ9QG^UM/\BAI:SHKJLACMON
MR~#JU7G;JL^LHKNGTUAC;N3JTXMOFIDBJLAIMRN±HaJ V ACÓ;^U;N3J
JLAC:S;T? [ 3 ?fA 1 =  35Q V O V#^FVfV NPNN ?
	aJU7G;_JLAI:<;TXJU;Q 1 :SH/WoÓ;H V HKQ9JL; V AC~BNG;; V ; V 6%7G;_~MO^U:ED9FHKJUAIMONMR~JL7G;TU; 2DG;NGZ;EMR~£ 2DsHRTUA TJhHKJUAIZ°QG^XMOoGFC;:<T%AIT"JL79;~MRFIFIM¬ACNGt 
¤#ACN V = +.  [ V AB  [ V:  [ V AM  [ ?"TUMOFCD9JLACMONMR~:hg2ij AB  [ : +Gv, = +.  [ V:  [ ? 3 Q ¡ÐcR=2¦	 

4
E R[ AB  [ < [ A 	 
 .  [ gfiPj  [ : 	   J [ 9  [ <   7 3 Q V  [ T B =  [   * ¡Ðc(bO¦
: g2iPj AM  A O 1  , = +.  [ V<  [ ? :u, = +.  V<  ?  35Q ¡ÐcOk3¦	 
 +> , = +.  [ V<  [ ?  R[ AM  < 8  A 	 
   [ < g2ij  8  : 	  J 8 9  8 <   7 3 Q V  8 T B =  8   * N ¡Ðc3lO¦
 %¦©®HKZh7  YDGHRTUA TXJLHKJLACZQ9^UMOoGFC;: ¡ ACN V ;&\ 5¦AITTUMOFO; V YAIH­HR^JLACGZAHKFJU^LHRN9TUAI;N3Jr«pa/=K°6%79;EAIN V ;&\dMR~
JLAC:S; V AITUZ^U;&JLA KHKJLACMONAIT7G;^U; > ¡  "HKZh2HR^ V ©DGFI;^TUZh7G;:S;MONJL7G;TWBTJL;: MR~Ç; YDGHKJLACMON.¦+.  [ : +.
s: 1 [ =  ?fgfiPj AB  [ : 1 [ =  ? < +GH, = +.  [ V<  [ ? 3 Q ¡Ðc 3¦	 

4 =  R[ AB   [ < [ A 	 
 .   [ g2iPj  [P : 	   J [ 9  [ <   7 3eQ V  [ T B =  [   * ¡Ðc /3¦   [ :   : 1 8 =  ?fg2ij AM   [ A 1 8 =  ? < O021  , = +.   [ V:   [ ? :u,   3 Q ¡ =3q3¦	 
 +> , = +.
  [ V<  [ ? AM  [ < 8 P A 	 
   [ < g2ij  8 P : 	   J 8 9  8 <   7 35Q V  8 T B =  8   * ¡ =G«¦K N ¡ =3qO¦ ,  AITtOACR;N = ,  3 , = +.  V<  ? ?	 K N JL7GACT°QG^XMBZ;TUTACN V ;&\B; V AJL7 > ¹5;¯Z/HRN JhHKR;J+. = 3 +.  HKN V = 3   6%7G;DGN9YN9M«N9THK^U;7G;^U; = +.   [ V AB   [ V:   [ V AM   [ ?Ì } 7G;N
JL79;ZMON3O;^UtO;NGZ;ACJU7^U;TUQg;ZJJUM> ACT%MOo9JLHRAING; V ¹9JU7G;N
JL7G;ZDG^U^X;N3JTXMOFIDBJLAIMRNtOACR;T = +.  [ V AB  [ V<  [ V AM  [ ?&T;°DGTU;[JL7G;FIM¬;TXJMO^ V ;^fH/YAHR^JXá6%7GMO:SHRT_;FI;:S;N3J/¹2JL7G;; 2DsHKJUAIMONGT¡Ðc 3¦®HKN V ¡=3q3¦FI;/H V JLMTUZHRFHR^
^U;FHKJUAIMONMON);/HRZh7;FI;:S;N3JLT MR~JU7G;¯JL^UAIHRNGtOD9FHKJUAIMON(*¡ AJAITNsHKJLD9^LHRFACN)JU7GAITHRQGQ9^UM/\BAI:SHKJLACMONÕJLM
JhHRK;
JL7G; M FIMYZ/HRFgJLAI:<;°TJL;Q9T O 1
[
HKN V  1
8
ZMON9TXJhHKN2JMON
;/HKZh7d;FC;:<;N3J¦&
%¦°"J;HRZh7TJL;Q > ¹;<7GH¬R;­H
NGMON)FIACNG;/HK^°QG^UMRoGFI;: JLM
TXMOFCR;R } ;¯DGTX;Se[;%JUMONB¥f[HRQG79TUMON)JL;Zh79NGAI 2DG;K¹JL7G;ACN V ;&\MR~#AJL;^LHKJUAIMONACT%NGM¬ V ;NGMRJL; V o3WK } ;TX;J
A 3


+. ABAM 
!  
" 3


 [
8 \#
!  
" ¡ =2pO¦
»
PÍ»
Q
 
	! "#$&%&%"'%( /
© 2DsHKJLACMONGT¡Ðc 3¦"HRN V ¡Ðc /3¦Z/HRN
~MO^X:­HRFCFCW<og;°^UACJXJL;NdHRT  [ = +.V ABIV<FV < ? 3   [ =  [ V  8 V  \ V #@? 3   [ = A ? 3 QfN 
8 =
+.V ABIV < V < ? 3   8 =  [ V  8 V \ V #@? 3   8 = A ? 3eQHRN V TUM¯MON5¹.HRN V GNsHRFIFW­JU7G;TXWYTXJU;: ¡Ðc 3¦6;¡=G«¦:SH/Wog;TXWYN3JL7G;&JLA K; V o3W
A  = A ? 3 QfN ¡ =3c3¦
6%7G;e;&%JLMONY¥f[HRQG7GTXMONd^XDGFI;HRQ9QGFIAC; V JLM±¡=3c3¦tOAO;T
0 0   0  3   A  3 : A  = A ?  V  A  3 A   [ : A  ¡ =O=2¦
MO^%; 2DGARHKFI;N3JUFCW
A   [ 3 A  :0 0   0  3 R[ A  = A ?  ¡ =SbO¦
7G;^X; 0 0   0  3  AIT"JU7G;`UHRZMRoGAHRN
:SHKJL^XA\­MR~JL7G;HRQGQ9FIAIZHKJLACMON A  ;&RHKFIDsHKJU; V HKJ[TXJU;Q  N
6%7G;<e;&%JLMONY¥f[HRQG7GTXMON)JU;Zh7GN9AI 2DG;¯FI;H V T°JLM HTU; 2DG;NGZ;­MR~FIACNG;/HK^TXWYTJL;:<T­¡ AIN V ;&\B; V o3W /¦&K N)MODG^
ZMON3JL;Ì\YJMR~#HRQGQ9^UM/\BAI:SHKJLACMON¡b)ª¤¨©%  $ =&¦JU7G;TUA K;MR~£;/HRZh7 FIACNG;/HR^TXWYTXJU;: AITHRQ9QG^UM/\BAI:SHKJLAO;FCW
^ =  A 
	 ?
7G;^X;   AIT[JL7G;EN2DG:?oÓ;^°MR~JL^XAHRN9tOFI;TMR~JU7G;?JU^UAHKNGtODGFIHKJLACMON (*2¹5HRN V 
	 AIT[JL7G;?NYD9:EoÓ;^°MR~_; V tO;TMR~JL7G;:<;TU7
°N±ZHRN
^U; V DGZ;JL79;TXA K;MK~#FCAING;HR^"TXWYTJL;: o3W
;FIAI:<AINGHKJLACNGtJU7G;QG^UAC:­HKFÓKHR^UAIHRoGFC;T¡A ;R¹+.HRN V O¦&
T¯H :SHKJUJU;^MR~~ HKZJ/¹A~;ZMONGTUA V ;^EJU7G;Ps^XTXJSHRN V JU7GAI^ V ^UM¬T¯MR~[^U;FIHKJLACMON¡=O=2¦&¹Ç;
Z/HRN;Ì\9Q9^U;TXT
;&\BQGFIACZAJL;FWSJU7G;QG^UAC:­HKFÓKHR^UAIHRoGFC;T = +.   [ V<   [ ?"HKT~D9NGZJUAIMONGT%MK~£JU7G; V DsHRF5KHR^XAHRoGFC;T AB   [ HRN V AM   [ o3W 	   +.   [ : +.    [ :    3   1 [ < g2ij  +H  1 8 gfiPj +C    : 0   [ =
A  ? 
\ =
A  ? 3 N ¡ =3k3¦
6%7G;:SHKJL^XA\  	  AIT%tOAO;N o3W 	' 3  O : 1 [ +GH, 7E ::  :  1 [ +Gv, G ::  1 8 1 ,  7E ::  O A  1 8 1 ,   G ::  N ¡ =2lO¦
 W JL7G; V ;sN9ACJLACMONdMK~ , ACN¡R«¦&¹.JL7G; V ;^XACKHKJLAO;TMR~ ,ACJU7Õ^U;TUQg;Z&JJLM +.HRN V ­HR^X;?JL7G;TLHR:<;rHRN V
JL7G; V ;&JL;^X:SACNsHRN3JMR~ 	 Z/HRN
og;;&KHRFIDsHaJL; V HRT
g 3dO A ,  7l  8 : [ < +G! N ¡ =>3¦
} ;ZHRNP;R;N3JLDGHRFIFW<HRZJMONSJU7G;[QG73WBTXAIZHRFgJUAI:<;TXJL;Q  1 MO^JL7G;FIMYZ/HRFGJUAI:<;%TXJU;QGT  1 [ HRN V  1 8 ACN­MO^ V ;^JLM¯R;;Q g"#%$35Q MO^%;R;N'& Q 
ÍÍ ¼}f~WØ
¬q   "#"'&
;J[DGT V ;NGMRJU;o3W  JL7G;ACN2R;^XTU;MR~#:SHKJU^UA\ 	
  3 	 R[ N ¡ =>/3¦
6%7G;N±JU7G;~MOFIFCM«ACNGtE^X;FHaJLAIMRNGT%HR^X;MOo9JhHKAING; V ~MR^ +.   [ HRN V    [+.   [ : +.  3  +.  3   [ [  1 [ g2iPj +H   [ : [ [  +r  : +r : [ +GH,  A   [ 8  1 8 g2iPj +C   [ : [ 8 0   O :  O A  8 = ,  :u, O ? 3
 E
E
	
¡bRq3¦
   [ :    3     3   8 [  1 [ g2iPj +H   [ : 8 [  +r  : +r  : [ +GH,  A  
8 8
 1
8
g2iPj +C   [ : 8 8 0  O :  O A  8 = ,  :u, O ? 3 N
 E
E
	
¡bB«¦
6%7G;TU;^U;FHKJUAIMON9T¡bKq3¦HRN V ¡bB«¦®HR^U;JU7G;N
DGTX; V ACJU7GAINSJL7G;TX;ZMRN V HRN V ~MODG^JL7^XM«T%MK~"¡=SbO¦Ì¤#AINGHRFIFW
JL7G;FIACNG;/HR^TWBTJL;:;7sH/O;JLMTXMOFCR;ACT£^X;FHaJLACR;®JUMJU7G;DGN9YN9M«N9T AB   [ HKN V AM   [ MONGFWS¡ AÐ¨;K#MR~s:SHa\BAI:?DG:TUA K;!^ N 	 ¦Ì } 7G;N
JL79;ZMON3O;^UtO;NGZ;ACJL7^X;TXQÓ;ZJ[JLM ACT%^U;HRZh7G; V JL79;N
JL7G;TUMRFID9JUAIMONHaJTXJL;Q > MR~JL79;7GMOFC;Q9^UMYZ;TXTAIT%MOo9JLHRAIN9; V 

  
 "!#"	> 
	&"&?

} ;¯JhHKR;r~MO^
=JU7G;¯^U;Z&JhHRN9tODGFHK^ V MO:SHRAIN   <HKN V ;<TUDGQGQgMOTX;<JU7sHKJHKJ 3wQ ;<7sH/O;SH
DGNGAC~MR^U:

 



 7
7
¤#AItRDG^U;E  
	/9- 9"	  I
" 
V AITJL^XAIoGD9JUAIMONMK~#osHKZJL;^UAIHrAJL7 V ;NGTUAJ W ,>=¬
¤s^UMR:JL79; V ;sNGAJLACMON
MR~ ,SAIN¡R«¦ACJACT%NsHKJUDG^LHRFÓJLM¯JhHRK;HaJAINGAJLAHKFgJUAI:<;
+.tA  3eQfN ¡bOpO¦
 W¢HRNsHRFCMOtRW)ACJU7¢JL7G; V ^XAC~½J V ACÓDGTUACMON¢:<M V ;F~MR^ETU;:SACZMON V DGZJUMO^?JL79;PRHK^UAHKoGFI; +.SAIT?TUAI:<AIFIHR^JLMÕJL79;
;FC;ZJU^UMOTJhHKJUAIZrQgMRJL;N3JLAHKF#7GAIZh7AIT V ;&sNG; V DGQJLM±HRN)H VGV AJLAO;¯ZMON9TXJhHKN2J } ;¯Z/HRN9\ JU7GAITZMONGTXJLHRN3Jo2W
JhHR2ACNGtJU7G;KHRFCDG; Q °NJU7G;MKJL7G;^#7sHRN V ;"HKN2J£JLM;NGTXDG^U;"ACNJU7G;~MRFIFIM¬ACNGtNYD9:S;^UAIZHRF2HRQGQ9^UM/\BAI:SHKJLACMON5¹JL7G;r:SHRTXTZMONGTX;^RHaJLAIMRN ¡ MO^RMOFID9:S;EZMONGTX;^XKHKJUAIMONs¦[~MO^JU7G;rosHRZ&JL;^XAH9¤s^UMR: ; gP¡¬cO¦[JL7GACTAIFCF£og;EJL79;
Z/HRTX;A~;JhHRK;JL7G;~MOFCFIM¬AINGt?oÓMOD9N V HR^WZMON V ACJUAIMONMON 
0 
0  35Q MON 7 3 0 = N ¡bRc3¦
»
PÍ»
Q
 
	! "#$&%&%"'%( R
K N TU7GMO^J/¹G;Z/HRN
JhHRK;HKJ[AINGAJLAHKF.JUAI:<;
, 3 ,>=HKN V +. 3  " Q ¡bK=2¦
HRN V JL7G;ogMODGN V HR^XWZMON V AJLACMON +. S

35Q0  
0  ::

35Q
 
	
¡b`bO¦
~ÇZMODG^UTX;R¹.o3W
^U;HRTUMON MR~£TXWY:<:S;&JL^XW­;Z/HRN±ZMON9TUA V ;^MONGFWH¯ YDGHR^XJU;^MR~#JU7G;TUAC:EDGFHaJLAIMRN V MO:SHRAIN=°¹
NsHR:<;FCW =F   ^FV    ^`?Ì¹sJL7G;Nd;?7sH/O;JUM­JhHKR;JU7G;~MRFIFIM¬ACNGt¯oÓMOD9N V HR^W±ZMON V AJLACMONGTMONdJU7G;?ogMODGN V HR^UAC;T[MR~TXWY:S:<;JU^XW7 0 +.
0  35Q MON 7V
HRN V 0 0  35Q MON 7 N
 E
E
	
¡bRk3¦
  ÀÅXÞÐÝ?Ô   ÔLØØÌ×_ÏÐ¾¿ªÀ&¼&ÉªÅXÞ  	 
ÅUÞ Ý   ×~Ú&Ú®ÏÐ¾¿ªÀ&¼&ÉªÅXÞ
¤£AItODG^X;p   !"'y (    9 m%"#!   Y"#9 
K NHRFCF£N2DG:<;^XAIZ/HKF£;Ì\9Qg;^XAI:<;N3JhHaJLAIMRNGT¹gJ M:<;TX7G;T7sH/R;roÓ;;NDGTU; V AINÕMO^ V ;^JLMPTX;;rAC~#JL7G;EJU^LHRNGTXAI;N2J
:­H/WoÓ;TJL^UMRNGtOFCWHKÓ;Z&JL; V o3WJU7G;TUQGHKJLAIHRF V AITUZ^U;&JLA KHKJLACMON5¤#ACt¡pR¦TU7GM¬JL7G;­G^UTXJ¯:<;TX7 ¡ACJU7 «lOl`b
JL^UAIHRNGtOFC;TL¦HRN V JL7G;TX;ZMON V :<;TX7¢¡½ACJU7 ba=3cOcEJL^XAHRNGtRFI;TL¦
6%7G;)osHRZ&JL;^XAHRF V ;NGTXACJ WACT
HRFITXM HKTUTUD9:S; V JLMog;FHR^XtO;^PJU7sHRN H QG^X;TXZ^UACoÓ; V :<AIN9AI:EDG: KHRFID9;-,  ¡ QG^XMa`X;Z&JLAIMRN.¦& } ;Zh7GMBMRTU;AIN
MODG^%TXAI:ED9FHKJUAIMONGT¹
,   3 O&Q R[ =   . \ N ¡bOlO¦
   
 6)! #"> )L%$'&  )( "$
K N JU7GAIT%QsHK^XJ/¹B;JhHRK; u3  3 QfN+* . 	
ÍÍ ¼}f~WØ
«p   "#"'&
6%7G;rQ972WYTXAIZ/HKFÇQsHR^UHR:S;&JL;^UTHR^X;JU7GMOTU;rtRACO;N AINÕTX;Z&JLAIMRNO6%7G;E:<M V ;F£~MR^°HKJXJL^LHKZJhHKN2J V ACÓDGTXAIMON HKN V
QG^UM V DGZ&JLACMONAIT"tRACO;N
o2W¡ =2¦Ì K N¡3¦®JU7G;TUZHRFIACNGt?~ HRZ&JLMO^ ' AITJLHRR;N¢¡ HRT%AINMRJU7G;^HKQGQGFIACZ/HKJUAIMON9Th¦_HRT O&Q R[ 8 6%7G;AINGAJLAHKFÓDGN9AC~MO^X: V ACTXJU^UAIo9D9JLACMONMR~£osHRZJU;^XAHrAIT"JLHRR;N/,>= 3 O&QTX  . \ 6%7G;stRDG^U;T¬¡ÐcB¹¨=2¦"^X;QG^X;TU;N3J[JU7G; V AITJL^XAIoGD9JUAIMON­MR~osHRZJU;^XAH V ;NGTUAJ WPACJU7GAINPJU7G; V MO:SHRAINMK~£TXAI:ED9FHKJUAIMON
HKJ?JUAI:<;T O&Q`Q`a HRN V ^ QQ`Q(a HRN V ~MO^JU7G;SJ MÕ:<;TX7G;Td6%7G;SZMYMO^ V ACNsHKJU;T =  [ V  8 ?HR^U;StOACR;N¢ACN 	 MONJL7G;stODG^X;THRN V H­FIMOtSTUZHRFI;AITD9TU; V ~MR^^U;QG^U;TU;N2JLHKJLACMON MR~JU7G; V ;NGTUAJ W ,)¡^LHRNGtR;?~^UMO: O&QSR[ = JLM OYQ  [ =¡. R\ ¦U¦Ì6%7G;ACNGACJUAHRF.ZMONGTXJLHRN3JKHRFCDG; ,>=[AIT%:SHR^UK; V MONJL7G;stOD9^U;T6%7G;JLMKJhHRFHK:SMOD9N2JMK~#osHKZJL;^UAIH¯^X;:SHRAINZMONGTJhHRN3JHRFIMRNGtEJL7G;;&OMOFCD9JLACMON
QG^UMYZ;TUT	 
 ,  3 ( 9  3 	 
 ,>=  3 ,>=  	  &C = =|?
¤sMO^¯JL7GACT¯;&\9HR:<QGFI;K¹JL7G; osHRZ&JL;^UAH):SACtO^LHaJL;PJLM¬HR^ V TSJL79;dZ;N3JL;^SMR~°JU7G;±TX 2DsHR^U;K @BMO:<;JL79AINGt)FIACR; H
mAI^UHRZ:SHRTUTHKJJL7GACT%Z;N3JU;^AIT%MOoBJhHRACNG; V HK~½JU;^HEZ;^XJLHRAIN HR:<MODGN3J%MK~£JUAI:<;r¡ TX;;stGI¡ =3¦U¦ [  TX:SMYMRJL79AINGtAITHKQGQGFIAC; V ¡½~MO^YAITXDsHRFIA K/HKJUAIMON±MR~®TUMOFCD9JLACMON.¦%JLMPJL79;r^LH/ V HKJhHPMOoBJhHRACNG; V ~^XMO: JU7G;r:<A\B; V sN9ACJL;?;FI;:S;N3J
HRQGQG^XM/\9AC:­HaJLAIMRN56%7G;ÕQG^XAI:SHRF"KHR^UAIHRoGFI;T +. V<HRN V HRTUTXMBZAHKJU; V  2DsHRN3JUACJLAC;TÕ¡ÐHRTSosHRZJU;^XAH V ;NGTXACJ W9¦­HR^X;
ZMON9TXJhHKN2J®MONr;HRZh7¯JL^UAIHRNGtOFC;MR~.JU7G;%:S;TU75#TTUD9Zh7­HRN¯HKZJLACMON ¡ TX:SMYMRJU7GAINGt3¦^U; V DGZ;%TXJL^XMONGtOFW?JU7G;"~DGNGZ&JLAIMRN
QÓ;HR2T¹sHTUQg;ZAHRFsJL^X;/HKJU:S;N3J¡ MRNGFCWr~MO^_YAITXDsHRFIA K/HKJUAIMONs¦#AITHRQGQGFCAI; V MON­JU7G;TX:SMYMRJU7G; V ~DGNGZJUAIMONSAINSMO^ V ;^JUM
^U;&JL^UAC;R;Qg;/HR<KHRFIDG;T
INRIA-MODULEF
INRIA-MODULEF
  À ¿ ÏÝÄ"ÅXÞÐÝÔ   ÔhØ&Ø&×Ï¾Ð¿ ÀÌ¼É¨ÅUÞ  INRIA-MODULEF
INRIA-MODULEF
 	 ¿¨ÏÐÝÄ"ÅXÞÐÝ    ×~ÚÚ_Ï¾Ð¿ ÀÌ¼ &ÉªÅXÞ
¤#AItRDG^U;c 	


 "!$#%& ')(*
+,-.'0/2143576%8*9:8<;<1:=794>@? 143A94;B=DCFEG6H94IJK%LM:N4OPRQSK%LM:N4OPUT	VW;$E8<I;*X6"Y
8<;Z14=[9.\8]JI_^ ` `ETba=c;B8<;Z94>d/214=7eJ=f8<I,9:8<;<1:=g;hEi3A94Ikj:J,?lm1nXEJIoJI	5%1E;<8<;Z14=p=J,94I0qBr tsuHv,w msuyx 
K NMO^ V ;^?JUMÕ~MOFIFCM¬  2DsHRN3JLAJhHKJUACO;FCW7sHKJ¯7GHRQGQg;NGTEJUMÕJL7G;PoGHRZJU;^UAIHRF V ;NGTXACJ W V AITXJU^UACoGD9JLACMON5¹;ZHRN
HRNsHRFWYTU;JL7G;TXMOFID9JUAIMON
HaJ[H¯tRACO;N JUAI:<;°6 ACNJL7G;~MOFCFIM¬AINGt"H/W?
»
PÍ»
Q
 
	! "#$&%&%"'%( /c
INRIA-MODULEF
INRIA-MODULEF
  À ¿¨ÏÐÝ°Ä"ÅXÞÐÝ?Ô   ÔLØ&Ø&×Ï¾Ð¿ ÀÌ¼ &ÉªÅXÞ INRIA-MODULEF
INRIA-MODULEF
 	  ¿¨ÏÐÝ°Ä"ÅXÞÐÝ    ×~Ú&Ú®ÏÐ¾¿ªÀ&¼&ÉªÅXÞ
¤#AItOD9^U;°= 	

 
k y!$#%& '@(]
+,- '0/2143576%8*9:8<;Z14=794>@? 1:3 9:;h=DCFEG6%94IJK%LM:N4OP Q K%LM:N4OPUT	VW;$E8<I;*X6"Y
8<;Z14=[9.\8]JI  ` ` `ET a=c;<8<;<9:>2/21:=7ekJ=f8<I,9:8<;Z14=g;$Ei3A94Ij4J,?l 1nXEJIoJI 5%1E;B8<;Z14=g=DJ,94I_qBr tskuHv,w tskuyx 
O } ;®ZMRN2JU^UMOF2JL79;®KHRFCDG;_MR~GJL79;®JUMRJhHRF2osHKZJL;^UAIHRF3:­HKTUT¡7GACZh7E^U;:­HRACNGTZMON9TXJhHKN2J V DG^XAINGtJL7G;;RMOFID9JUAIMON
QG^UMYZ;TUTL¦
 1 C C a a 3 	 
 ,  3 	
 , = M ? 	  &C = M ? = MJU^UAIHRNGtOFC;MR~JL7G;:<;TX7 ?
pB } ;ZMON9TUA V ;^HJL7G^X;TX7GMOF V KHRFIDG;?¡, 9 *J WYQGAIZHRFIFWE;Zh7GMYMOTU; , 9 * 3 ,>=U¥¦~MO^_JL79; V ;NGTUAJ W ,¯HKN V MON9FCWJL^XAHRNGtRFI;T_~MO^®7GAIZh7JL79; V ;N9TUACJ WSAITFHR^XtO;^®MO^"; YDGHRFÓJU7sHRN , 9 *AIFIF.og;JhHKR;N
ACN2JUMEZMRNGTUA V ;^UHKJLACMON­ACNJL7G;[~MOFIFCM¬AINGtG¤#AC^UTJMR~HRFIFÐ¹O;°og;tRAINSJUMEHKJXJhHRZh7SJL7G;HKJUJU^UAIo9D9JL;   9"( JLMrHKFIFGJL79;JL^XAHRN9tOFI;T
c9"¥m;&JL;^U:<AINsHKJUAIMON­MR~£JU7G; E 9 * FIMYZ/HRFÓ:­Ha\BAC:­H
 } ;FCMBMRS~MO^"JU7G;JL^UAIHRNGtOFC; M  TXDGZh7±JU7sHKJ
, = M  ? , = MB?  M
7G;^U; M T FIAITJ%MR~   9"( JU^UAIHRNGtOFC;T%HRN V TXDGZh7±JU7sHKJ , = MB? , 9 * Ká~#JU7G;JL^XAHRNGtRFI; M  V MB;T[N9MRJ;&\BAITJLT 3   i¡MR6£M! #"%$_¦ 6%7G;JL^XAHRNGtRFI; M  ACT& 9"( } ; V ;JL;^U:<AING;HKFIFJU7G;JL^UAIHRNGtOFC;TM     AINPJU7G;S¡ ZMRNGNG;Z&JL; V ¦N9;AItR7YogMODG^X7GMYM V MR~ M  TUD9Zh7±JL7GHKJ' , = M     ? , 9 *' M        9"((
ÍÍ ¼}f~WØ
/=   "#"'&
FCFJL79;TU;JU^UAHKNGtOFI;TM     ¡AINGZFID V AINGt M  ¦~MO^U:H¯ZMONGNG;ZJU; VdV MO:­HKAIN= 
=  3 M    M    
 } ;;&KHRFIDsHaJL;HRN V QG^XAIN3JTU;&O;^LHRF 2DsHRN3JLAJLAI;T
' M  N2DG:Eog;^MR~JL7G;JU^UAHKNGtOFI;7G;^X;JU7G;FIMYZ/HRF:­Ha\BAC:EDGN¡A½¦®MYZZDG^' ( 8 .  V ;NGTXACJ WKHRFCDG;<¡ FCMBZHRF:SHa\BAI:ED9:P¦'  = M  ?#V = M  ?  ZMBMO^ V AINGHKJL;T%MR~£JU7G;Z;N2JU;^[MR~£tO^LH/YACJ WS~MO^"JL^XAHRNGtRFI; M '  =FE ?  N2DG:Eog;^MR~JL^UAIHRNGtOFC;T"ACNI= '  .C 5C a a= E ? 3
	 
  , ' ( 8 1  E= M  ? 3 , = M  ?  	  &C = M  ?'    .   1 =FE ? 3 E s s &  9 s s !  O&Q`Q'    .   1   C    .C =FE ? 3 "   9#  6 


 
 E s$ s%   OYQ`Q'    .   1   C   1  1 C  = E ? 3 "   9#  6 


 &  9 s s  O&QQ FCFJL^XAHRN9tOFI;T"AIN=  HR^U;  9"( f;JLD9^UN
JLM<cE~MO^"JL7G; V ;&JL;^U:<AINsHKJUAIMONMK~#NG;Ì\YJFCMBZHRF:SHa\Ó
  #"%$
' "J[JU7GAIT%QgMOACN2J¹sHrZ;^XJhHKAIN
N2DG:Eog;^¡ B¦MR~#FIMYZ/HRFÓ:­Ha\BAC:­H?7GHRToÓ;;N
~MODGN V   JL7G;JLMKJhHRF5N2DG:?oÓ;^%MR~#JU^UAHKNGtOFI;T"ZMRNGTUA V ;^X; V '&   = E ?   8 .C 1   5C a a 3 &   .@C  C a aS=FE ?   8 .C 1   5C a a _  .4  1 3 & #   E s 9  9$ s&  9 s s !  O&Q`Q(*),+.-0/$132416587:9;8<=1>5?-A@$9B2C5D)E5?)GFH<31I;EJK+L9NMOPORQE+.)8SUT.OPOPORQ
VVVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVVXWYZ\[^]___R`ab%c YZZedgfAhgYji k\ll _ lmZ
n b d%o%peqo c d%Y a f\orhgoZZsi?t _ ]ulllvw%lx n[ a YZ\[ b py:z%o%p!{Y>i|k _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a ik kux%  b  c ik _ uvwgk\lA>%gj] _ x%vgV\l k] _ x%vgV\l k c h  c h {!hqY a:b d a f\o%pYZ  \k k\u]} b%c o%p!WoZZ\k~u _ ]t]]vw%lx ` Y ac Y%d\k x _ ]lt ke b %d a fqsGux%  ] _ ]tvw%lx ` Y ac Y%dhgop b%c o%p\ku _ tuu]^ ` Y ac Y%dhgod b d%o%p\k¡x%u _ k\ k\VVVVVVVVrp b qo%p a YZ\{pdZ¢VVVVVV {!hqY a:b p b%c o%phgogfAhgo£i|k¤n b d%o%pe{!hqY amb d a f\o%pYZ  ¥k\u]n ab  c od%Yy!WoZZ*i¦u _ ]t]]vw%lx n ab  c od%Yy!WoZZ ` Y ac Y%d§i?x _ ]lt k¨VVVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVVXWYZ\[^]___R`ab%c YZZedgfAhgYji©]lll _ lmZ
n b d%o%peqo c d%Y a f\orhgoZZsi?t _ ]ull kvw%lx n[ a YZ\[ b py:z%o%p!{Y>i|k _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a ik kux%  b  c i? _ x%lvwgk\lA>%gj] _ x%vgV\l k] _ x%vgV\l k c h  c h {!hqY a:b d a f\o%pYZ  \k k} b%c o%p!WoZZ\k~t _ ]ull kvw%lx ` Y ac Y%d\k  _ ^ b %d a fqsGux%  t _ ]ull kvw%lx ` Y ac Y%dhgop b%c o%p\kªk\ll _ lllll^ ` Y ac Y%dhgod b d%o%p\k« _ VVVVVVVVrp b qo%p a YZ\{pdZ¢VVVVVV {!hqY a:b p b%c o%phgogfAhgo£i|k¤n b d%o%pe{!hqY amb d a f\o%pYZ   kn ab  c od%Yy!WoZZ*i¦t _ ]ull kvw%lx n ab  c od%Yy!WoZZ ` Y ac Y%d§i? _ 
} ;Z/HRNPTX;;E¡  2DsHRFCACJhHaJLACR;FWG¦ÇMONSstODG^X;r¡ =3¦JU7G;~MO^X:­HaJLAIMRNSMR~HEmAI^UHRZbdHRTUT"HKJJU7G;Z;N3JL;^"MR~JU7G;TX YDGHR^U;K¬ DsHRN3JLAJhHKJUACO;FCWR¹B;ZHRN
TU;;~^UMR:JL79;TUMOFCD9JLACMON
HRNsHRFWYTUAITHaJ _ Q`Q(a JL7sHaJMONGFCW­MONG;JL^XAHRN9tOFI;E¡JL79;TX:­HKFIFI;TXJQsHR^JAIN MODG^b±¤Ç©HKQGQG^UM/\BAI:SHKJUAIMON.¦EZMON3JL^UACoGD9JU;dJLMJU7G;dJUMRJhHRFbdHKTUT TP;/HR^XFCW HRT<JL7G;ÕQ9^UMYZ;TXTPJLAC:S;
^U;HRZh7G; V O&Q`Q(a ¹9JU7GAIT"JU^UAIHRNGtOFC;°ZMON3JLHRAING; V :SMO^X;°JL7sHKN®­ *¯ MR~JL7G;JUMRJhHRF:­HRTXTMR~#oGHRZJU;^UAIH9
»
PÍ»
Q
 
	! "#$&%&%"'%( &b
  I  
 6)! #"> )L%$'& $: )+, K "> )L  $   ! : )>$*)$#
K N JU7GAIT%QsHK^XJ/¹B;JhHRK; u3dO`N .  35QFN+* . 	6%7G;stOD9^U;T/¡bB¹¨k3¦^X;QG^X;TU;N3JJU7G; V AITJL^XAIoGD9JUAIMON­MR~#oGHRZJU;^UAIH V ;N9TUACJ W­ACJL79AINPJL79; V MO:SHRAINPMK~#TXAI:EDGFIHKJLACMON
HKJ%JLAC:S;T O&Q`Q(a HRN V _ Q`Q(a HRN V ~MO^"JL79;J M<:S;TU7G;T
INRIA-MODULEF
INRIA-MODULEF
  À ¿¨ÏÐÝ°Ä"ÅXÞÐÝ?Ô   ÔLØ&Ø&×Ï¾Ð¿ ÀÌ¼ &ÉªÅXÞ INRIA-MODULEF
INRIA-MODULEF
 	  ¿¨ÏÐÝ°Ä"ÅXÞÐÝ    ×~Ú&Ú®ÏÐ¾¿ªÀ&¼&ÉªÅXÞ
¤#AItOD9^U;!b  

 
k  !h#"&n'@(*
+,- ' /2143576%8*9:8<;Z14=794>?n143A94;h=CFIJ,e8*94= 4>FJiK%LN4K:OP Q K%LM:N4OPUT VW;$E8<I;BY
X6"8<;Z14= 9.\8]JI0^ ` `ETba=c;B8<;Z94> /214=DekJ=f8<I,9:8<;Z14=p;hEi3A94Ikj:J,?lm1nXEJIoJI 5%1E;B8<;Z14=g=DJ,94I0qBr   fv,w   Hx 
(*),+.- /13241*5 7^9;8<®1>5?-A@92C5?)E5?)®<31I; <I1E+.) SKJK+L992§<	
1
VVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVV%VVWYZ\[k___R`ab%c YZZedgfAhgY*i k\ll _ l:Z n b d%o%peqo c d%Y a f\oehgoZZsi|k _ ]ulllvw%lu n[ a YZ\[ b py:z%o%p!{Y>ik _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a ik k¥kkk\u  b  c i k _ uvw%lA>%gª|] _  k\lvgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ  \k tlu} b%c o%p!WoZZ\k k _ kk\txvw%lu ` Y ac Y%d\k ~ _ ux% b %d a fqskkk\u '] _ uu k\vw%l ` Y ac Y%dhgop b%c o%p\k ] _ ]l k¨ ` Y ac Y%dhgod b d%o%p\k ] _ lx%tu krVVVVVVVVep b qo%p a YZ\{pdZmVVVVVV {!hqY a:b p b%c o%p¨hgogfAhgo*ik n b d%o%p {!hqY a:b d a f\o%pYZ   tlun ab  c od%Yy!WoZZ*ik _ kk\txvw%lu~n ab  c od%Yy!WoZZ ` Y ac Y%d®i¦ _ ux%XVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVV%VVWYZ\[:]___R`ab%c YZZedgfAhgY*i k\ll _ l:Z n b d%o%peqo c d%Y a f\oehgoZZsi|k _ ]ulllvw%lu n[ a YZ\[ b py:z%o%p!{Y>ik _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a ik k ]  b  c iD] _ tuvw%lA>%gª|] _ x%tvgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ  \k ] k\l} b%c o%p!WoZZ\k k _ kk\vw%lu ` Y ac Y%d\k ~ _ ux%u b %d a fqs¤] ' _ x%t]tvw%l] ` Y ac Y%dhgop b%c o%p\k l _ utx% ` Y ac Y%dhgod b d%o%p\k l _ tXVVVVVVVVep b qo%p a YZ\{pdZmVVVVVV {!hqY a:b p b%c o%p¨hgogfAhgo*ik n b d%o%p {!hqY a:b d a f\o%pYZ  ~] k\ln ab  c od%Yy!WoZZ*ik _ kk\vw%lu~n ab  c od%Yy!WoZZ ` Y ac Y%d®i¦ _ ux%uX(*),+.- /13241*5 7^9;8<®1>5?-A@92C5?)E5?)®<31I; <I1E+.) SKJK+L992§<
1
VVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVV%VVWYZ\[k___R`ab%c YZZedgfAhgY*i tll _ l:Z n b d%o%peqo c d%Y a f\oehgoZZsi|k _ ]ulllvw%lu n[ a YZ\[ b py:z%o%p!{Y>ik _ lllllvw%lt
ÍÍ ¼}f~WØ
¬k   "#"'&
INRIA-MODULEF
INRIA-MODULEF
  À ¿ ÏÝÄ"ÅXÞÐÝÔ   ÔhØ&Ø&×Ï¾Ð¿ ÀÌ¼É¨ÅUÞ  INRIA-MODULEF
INRIA-MODULEF
 	 ¿¨ÏÐÝÄ"ÅXÞÐÝ    ×~ÚÚ_Ï¾Ð¿ ÀÌ¼ &ÉªÅXÞ
¤#AItRDG^U;k 	
 
 
:"!$#%&n')(*
+,- '0/21:3 5D6"8*9:8<;Z14=79:> ?n143A94;h=CFIJ,e8*94= 4>FJK%LN4K:OP Q K%LM:N4OPUT	VW;$E8<I;BY
X6%8<;Z14= 9.\8]JI  ` `ET a=c;B8<;Z94>d/214=7eJ=f8<I,9:8<;<1:=g;hEi3A94Ikj:J,?lm1nXEJIoJI	5%1E;<8<;Z14=p=J,94I0qBr    v,w    x 
VVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a ik k kkx%t  b  c i?t _ l]vw%lA>%gj] _ xvgV\l k] _ x%vgV\l k c h  c h {!hqY a:b d a f\o%pYZ  \k k} b%c o%p!WoZZ\k~ _ tx%luvw%lx ` Y ac Y%d\k  _ k\x%^ b %d a fqs
kkx%t   _ tx%luvw%lx ` Y ac Y%dhgop b%c o%p\kªk\ll _ lllll^ ` Y ac Y%dhgod b d%o%p\k« _ k\x%VVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a i?] ]  k\tt  b  c ik _ lvw%lA>%gjDx _ l]vgV\l k] _ x%vgV\l k c h  c h {!hqY a:b d a f\o%pYZ   ]  k} b%c o%p!WoZZ ] ~] _ u kk\vw%lx ` Y ac Y%d ]  ]] _ lul^ b %d a fqs
k\tt  ] _ u kk\vw%lx ` Y ac Y%dhgop b%c o%p ] ªk\ll _ lllll^ ` Y ac Y%dhgod b d%o%p ] «]] _ lulVVVVVVVVrp b qo%p a YZ\{pdZ¢VVVVVV {!hqY a:b p b%c o%phgogfAhgo£iR]n b d%o%pe{!hqY amb d a f\o%pYZ   ]n ab  c od%Yy!WoZZ*ik _ ]x%]vw%lu'n ab  c od%Yy!WoZZ ` Y ac Y%d§i? _ VVVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVVXWYZ\[^]___R`ab%c YZZedgfAhgYji tll _ lmZ
n b d%o%peqo c d%Y a f\orhgoZZsik _ ]ulllvw%lu n[ a YZ\[ b py:z%o%p!{Y>i|k _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a ik k]  b  c i?] _ tvwgk\lA>%gj] _ x%tvgV\l k] _ x%vgV\l k c h  c h {!hqY a:b d a f\o%pYZ  \k k} b%c o%p!WoZZ\k k _ l] kvw%lu ` Y ac Y%d\k ] _ tu^ b %d a fqsG] ¡k _ l] kvw%lu ` Y ac Y%dhgop b%c o%p\kªk\ll _ lllll^ ` Y ac Y%dhgod b d%o%p\k«] _ tuVVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a i?] ] ul]  b  c i?t _ kx%uvw%lA>%gjDx _ tvgV\l k] _ x%vgV\l k c h  c h {!hqY a:b d a f\o%pYZ   ]  ]} b%c o%p!WoZZ ] ~] _ ]l]]uvw%lx ` Y ac Y%d ]   k\ _ t k\ll^ b %d a fqsGul]  ] _ ]ll k\vw%lx ` Y ac Y%dhgop b%c o%p ]  _ lu^ ` Y ac Y%dhgod b d%o%p ]  k\ _ tl k\l k¨VVVVVVVVrp b qo%p a YZ\{pdZ¢VVVVVV {!hqY a:b p b%c o%phgogfAhgo£iR]n b d%o%pe{!hqY amb d a f\o%pYZ   n ab  c od%Yy!WoZZ*ik _ ]x%vw%lu'n ab  c od%Yy!WoZZ ` Y ac Y%d§i? _ x%u
"J  3 O&Q`Q(a ;?og;tRAIN±JUM­TX;;?JU7G;s^XTXJFIMYZ/HRF:SHa\BAI:SH? TU;;?stGI¡bR¦ h¹.oGDBJ°MONGFW H<~;& QÓ;^UZ;N3JhHRtO;?MR~JL7G;JLMRJLHRF:­HKTUTACTFCMBZHKJL; V MON JL7G;JL^XAHRNGtRFI;7GAIZh7dQG^U;TU;N3JUTJL7G;:­H«\9AC:EDG: osHKZJL;^UAIHRF V ;NGTXACJ WR } ;?ZHRN
TU;;MONPJL7G; YDGHRN3JLACJLHKJLAO;HRNsHRFWBTXAIT®JL7sHKJJL7G;FIMYZ/HRFCA K/HaJLAIMRN<MK~FIMYZ/HRF.:SHa\BAI:SH?HRN V ZMONGZ;N3JL^UHKJLACMONPKHRFID9;T%HKJ
»
PÍ»
Q
 
	! "#$&%&%"'%( ¬l
JL7G;TU;QgMOAIN3JLT^U;:­HRACN­:<;TX7 V ;Qg;N V ;N3J/ } ;Z/HRN
HRFCTUME^X;:SHR^Ur~^XMO: JU7G;HRNGHRFCWYTUACT"HKJ  3 _ Q`Q(a JL7sHaJJL79;V AITJLMO^XTUAIMRNoÓ;&J ;;NÕ:SHRTUT%^X;QsHK^XJLAJLACMON)¡ÐHKJFCMBZHRF:SHa\BAI:SH3¦_AITHR:<QGFIAs; V 79;N±JU7G;:S;TU7
AIT^X;sNG; V 
 1  
 6)! #"> )L%$'& $: )+, K "> )L KL  ! : )>$")+#
K N JU7GAIT%QsHK^XJ/¹B;JhHRK; u3dO`N * .  3eQfN * . 	6%7G;"stRDG^U;T¬¡lY¹ 9¹/3¦^U;Q9^U;TX;N3J_JL7G; V AITJL^UACoGD9JUAIMONMR~gosHRZ&JL;^XAH V ;NGTXACJ WACJL79AIN?JU7G; V MO:SHRACNMR~gTXAI:EDGFIHKJLACMON
HKJ%JLAC:S;T O&Q`Q(a ¹ ^ * Q(a HKN V _ Q`Q(a HKN V ~MO^"JL7G;J M­:<;TX7G;T
INRIA-MODULEF
INRIA-MODULEF
  À ¿¨ÏÐÝ°Ä"ÅXÞÐÝ?Ô   ÔLØ&Ø&×Ï¾Ð¿ ÀÌ¼ &ÉªÅXÞ INRIA-MODULEF
INRIA-MODULEF
 	  ¿¨ÏÐÝ°Ä"ÅXÞÐÝ    ×~Ú&Ú®ÏÐ¾¿ªÀ&¼&ÉªÅXÞ
¤#AItOD9^U;l b
 
 
:"!$#%&n')(*
+,- '0/21:3 5D6"8*9:8<;Z14=79:> ?n143A94;h=CFIJ,e8*94= 4>FJ K%L 4N4OP Q K%LM:N4OPUT	VW;$E8<I;BY
X6"8<;Z14= 9.\8]JI0^ ` `ETba=c;B8<;Z94> /214=DekJ=f8<I,9:8<;Z14=p;hEi3A94Ikj:J,?lm1nXEJIoJI 5%1E;B8<;Z14=g=DJ,94I0qBr   fv,w   Hx 
 5?- @$9B2 5?) +.) +.-0/$1324165?) ®<31I;E+.)8S©JK+L9	  1<31,<	92
 < - /
VVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVV%VVWYZ\[k___R`ab%c YZZedgfAhgY*i k\ll _ l:Z n b d%o%peqo c d%Y a f\oehgoZZsi|k _ ullvw%lu n[ a YZ\[ b py:z%o%p!{Y>ik _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a ik k l  b  c i k _ ]]vw%lA>%gª|] _ x%lvgV\l k|] _ x%xvgV\l k  c h  c h {!hqY a:b d a f\o%pYZ  \k tut} b%c o%p!WoZZ\k k _ tttlvw%lu ` Y ac Y%d\k ~l _ x%u] k¨ b %d a fqs l ' _ l kk\lvw%l ` Y ac Y%dhgop b%c o%p\k k _ x% ` Y ac Y%dhgod b d%o%p\k k _ tlu krVVVVVVVVep b qo%p a YZ\{pdZmVVVVVV {!hqY a:b p b%c o%p¨hgogfAhgo*ik n b d%o%p {!hqY a:b d a f\o%pYZ   tutn ab  c od%Yy!WoZZ*ik _ tttlvw%lu~n ab  c od%Yy!WoZZ ` Y ac Y%d®i¦l _ x%u] krVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVV%VVWYZ\[:]___R`ab%c YZZedgfAhgY*i k\ll _ l:Z n b d%o%peqo c d%Y a f\oehgoZZsi|k _ ullvw%lu n[ a YZ\[ b py:z%o%p!{Y>ik _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a ik k ]ull  b  c iD] _ ]u]vw%lA>%gª|] _ lvgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ  \k ] kx} b%c o%p!WoZZ\k k _ ttvw%lu ` Y ac Y%d\k ~l _ u]ut b %d a fqs¤]ull k _ ]luvw%l ` Y ac Y%dhgop b%c o%p\k l _  k\]u ` Y ac Y%dhgod b d%o%p\k l _ tx%ulXVVVVVVVVep b qo%p a YZ\{pdZmVVVVVV {!hqY a:b p b%c o%p¨hgogfAhgo*ik n b d%o%p {!hqY a:b d a f\o%pYZ  ~] kxn ab  c od%Yy!WoZZ*ik _ ttvw%lu~n ab  c od%Yy!WoZZ ` Y ac Y%d®i¦l _ u]utX
ÍÍ ¼}f~WØ
    "#"'&
INRIA-MODULEF
INRIA-MODULEF
  À ¿ ÏÝÄ"ÅXÞÐÝÔ   ÔhØ&Ø&×Ï¾Ð¿ ÀÌ¼É¨ÅUÞ  INRIA-MODULEF
INRIA-MODULEF
 	 ¿¨ÏÐÝÄ"ÅXÞÐÝ    ×~ÚÚ_Ï¾Ð¿ ÀÌ¼ &ÉªÅXÞ
¤#AItRDG^U;  	
 
 
:"!$#%&n')(*
+,- '0/21:3 5D6"8*9:8<;Z14=79:> ?n143A94;h=CFIJ,e8*94= 4>FJK%L 4N4OP Q K%LM:N4OPUT	VW;$E8<I;BY
X6%8<;Z14= 9.\8]JI    `ET a=c;B8<;Z94>d/214=7eJ=f8<I,9:8<;<1:=g;hEi3A94Ikj:J,?lm1nXEJIoJI	5%1E;<8<;Z14=p=J,94I0qBr    v,w    x 
INRIA-MODULEF
INRIA-MODULEF
  À ¿ ÏÝÄ"ÅXÞÐÝÔ   ÔhØ&Ø&×Ï¾Ð¿ ÀÌ¼É¨ÅUÞ  INRIA-MODULEF
INRIA-MODULEF
 	 ¿¨ÏÐÝÄ"ÅXÞÐÝ    ×~ÚÚ_Ï¾Ð¿ ÀÌ¼ &ÉªÅXÞ
¤#AItRDG^U; / 	
 
 
:"!$#%&n')(*
+,- '0/21:3 5D6"8*9:8<;Z14=79:> ?n143A94;h=CFIJ,e8*94= 4>FJK%L 4N4OP Q K%LM:N4OPUT	VW;$E8<I;BY
X6%8<;Z14= 9.\8]JI  ` `ET a=c;B8<;Z94>d/214=7eJ=f8<I,9:8<;<1:=g;hEi3A94Ikj:J,?lm1nXEJIoJI	5%1E;<8<;Z14=p=J,94I0qBr   7v,w   %x 
 5D- @$9B2 5?)©+.) +.-0/$13241£5?)®<31I; E+.) SKJK+L9    1 <31,<	92
 < - /
VVVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVVXWYZ\[ k
»
PÍ»
Q
 
	! "#$&%&%"'%(  /
___R`ab%c YZZedgfAhgY*i tll _ l:Z n b d%o%peqo c d%Y a f\oehgoZZsi|k _ ullvw%lu n[ a YZ\[ b py:z%o%p!{Y>ik _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a ik k t  b  c iD _ ]vw%lA>%gª|] _ lvgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ  \k ]} b%c o%p!WoZZ\k~ _  k\ltvw%lx ` Y ac Y%d\k ~u k _  k\]xX b %d a fqs t ' _ x%x%uvw%lx ` Y ac Y%dhgop b%c o%p\k¡ _ k\x% ` Y ac Y%dhgod b d%o%p\k¡ul _ XVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a i?] ] ¥k\tu  b  c i k _ vw%lA>%gª|t _ lxvgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ   ]  k} b%c o%p!WoZZ ]  x _ ]tvw%lx ` Y ac Y%d ]  ~]] _ llxX b %d a fqsk\tu ~x _ ]tvw%lx ` Y ac Y%dhgop b%c o%p ] jk\ll _ lllll ` Y ac Y%dhgod b d%o%p ] ¡]] _ llx^VVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a i?  ¥k\]  b  c i k _ k\vw%lA>%gªx _ x%uvgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ     k} b%c o%p!WoZZ  ~] _ utuvw%lx ` Y ac Y%d    k\u _ ]tu k¨ b %d a fqsk\] '] _ utuvw%lx ` Y ac Y%dhgop b%c o%p  jk\ll _ lllll ` Y ac Y%dhgod b d%o%p   k\u _ ]tu krVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a iRx x¥kkx%t  b  c iD _ uvw%lA>%gªx _ k\ kvgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ  Axg k} b%c o%p!WoZZAxg k _  kk\vw%lx ` Y ac Y%dAxg  k\l _ k\] k¨ b %d a fqskkx%t k _  kk\vw%lx ` Y ac Y%dhgop b%c o%pAxgjk\ll _ lllll ` Y ac Y%dhgod b d%o%pAxg k\l _ k\] krVVVVVVVVep b qo%p a YZ\{pdZmVVVVVV {!hqY a:b p b%c o%p¨hgogfAhgo*iPxn b d%o%p {!hqY a:b d a f\o%pYZ   un ab  c od%Yy!WoZZ*ik _ x% kvw%lu~n ab  c od%Yy!WoZZ ` Y ac Y%d®i¦ _ ullXVVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVV%VWYZ\[:]___R`ab%c YZZedgfAhgY*i tll _ l:Z n b d%o%peqo c d%Y a f\oehgoZZsi|k _ ullvw%lu n[ a YZ\[ b py:z%o%p!{Y>ik _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a ik k ]ull  b  c i k _  kvwgk\lA>%gª|] _ lvgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ  \k k} b%c o%p!WoZZ\k k _ lutvw%lu ` Y ac Y%d\k ~ut _ x%t b %d a fqs¤]ull k _ lutvw%lu ` Y ac Y%dhgop b%c o%p\kjk\ll _ lllll ` Y ac Y%dhgod b d%o%p\k¡ut _ x%tXVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a i?] ] x%uu  b  c iDu _ ] kvw%lA>%gª|u _ ]vgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ   ]  k} b%c o%p!WoZZ ] ~ _ k\]tt]vw%lx ` Y ac Y%d ]   k\t _ tu k¨ b %d a fqsGx%uu ' _ k\]tt]vw%lx ` Y ac Y%dhgop b%c o%p ] jk\ll _ lllll ` Y ac Y%dhgod b d%o%p ]  k\t _ tu krVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a i?   tt  b  c i?x _ ]vw%lA>%gªx _ u kvgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ     k} b%c o%p!WoZZ  ~] _ ut]vw%lx ` Y ac Y%d    k\ _ u] b %d a fqs¤tt '] _ ut]vw%lx ` Y ac Y%dhgop b%c o%p  jk\ll _ lllll ` Y ac Y%dhgod b d%o%p   k\ _ u]XVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a iRx x u]tx  b  c i?x _ tx%vw%lA>%gª|t _  kvgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ  Axg k} b%c o%p!WoZZAxg~] _ x%tuvw%lx ` Y ac Y%dAxg  k\ _  k\tu] b %d a fqs¤u]txg'] _ x%tuvw%lx ` Y ac Y%dhgop b%c o%pAxgjk\ll _ lllll ` Y ac Y%dhgod b d%o%pAxg k\ _  k\tu]XVVVVVVVVep b qo%p a YZ\{pdZmVVVVVV {!hqY a:b p b%c o%p¨hgogfAhgo*iPxn b d%o%p {!hqY a:b d a f\o%pYZ   xn ab  c od%Yy!WoZZ*ik _ x%lvw%lu~n ab  c od%Yy!WoZZ ` Y ac Y%d®i¦ _ xx%X
¤sMO^PJL79; QG^U;TU;N3J±;&\9HR:<QGFI;K¹JU7G; J M :S;TU7G;T
tOACR;JU7G;TLHR:<; N2DG:Eog;^
MR~FIMYZ/HRF:­H«\9AC:­H¡ =2¦Ì¹oGDBJ
FIMYZ/HRFCA K/HaJLAIMRNHRN V ^U;FHKJUACO;;ACtO73JSJUMJL79; JUMRJhHRF%:SHRTXTSZMON3JL^UACoGD9JUAIMONGT<HR^X;±TXFIACtO73JLFCW V ACÓ;^X;N3J/ ^U;
JL79;
QsHKJUJU;^XNGT<JUMBM):<;TU7 TU;N9TUACJUACR;  ];^U7GHRQGT­:<;TX7H V HRQ9JLACMON :­H/Wog;±NG;; V ; V AINJL79;d;RMOFIDBJLAIMRN QG^XMBZ;TXT
7G;N V ;NGTXACJ WtR^LH V AC;N3JLT%og;tRAINJLM¯og;ZMR:S;TUACtONGAsZ/HRN3JUT
    
 6)! #"> )L 6)+ *) )+  )+ , )>!#  )$#,
6%7G;:SM V ;FMR~ÇHaJUJL^UHRZJLHRN3J[QG^UM V DGZ&JLAIMRNAIT%tOAO;N
YAHr; .¡lR¦&¹
GH, R 
ÍÍ ¼}f~WØ
pRq   "#"'&
7G;^X;JU7G;QsHR^UHR:S;&JL;^ , °AIT"JU7G;ZD9JUMR osHRZ&JL;^UAHKF V ;NGTXACJ WR¤sMO^"JU7G;NYD9:S;^UAIZHRF5^X;TUD9FCJLTQG^X;TX;N3JL; V AINJL79;
~MOFIFCM¬AINGtG¹Y;7sH/O;ZMONGTXA V ;^U; V MONGFWPJL79;^X;ZJLHRNGtOFC; = V ;GNG; V o3W  3O`N * . V  3 QfN * . HRN V DGTX; VJL7G;b±;TU7Õp ¡bK=3cOcEJU^UAHKNGtOFI;Th¦Ì
} 7G;NJhHR2AIN9tÕAIN3JLMHKZZMRDGN3JEJL7G;P~ HKZJ?JU7sHKJEJU7G;PQG^XM V DGZJUAIMONMR~[HaJUJL^UHRZJLHRN3JLTE:SH/Wog;PogMODGN V ; V ¹JL79;
oÓ;7sH/YAIMODG^MR~£osHRZ&JL;^UAHKF V ;N9TUACJ W V AITJL^UACoGD9JUAIMON V D9^UAIN9t¯JU7G;QG^UMYZ;TUTAIT% 2DGAJL; V A;^U;N3J
K N JL79;EQG^U;&YAIMODGTTUAI:?DGFHKJUAIMON9T?¡ HKJUJU^LHRZ&JhHRN3JQ9^UM V DGZJUAIMONd:SM V ;FCFI; V YAH$Gv,Y¦&¹g7G;N)HPQg;/HR MR~®ZMON9Z;NY
JL^UHKJLACMONHRQGQg;/HR^XTACJL79AINÕJL79;<;&OMOFCD9JLACMONQG^UMYZ;TUT¹£AJ^U;:­HRACNGTHKJJU7G;¯TLHR:<; ¡ MO^N9;/HR^XFCWdJU7G;¯TLHR:<;¬¦Q9FHRZ;
V DG^XAINGt<HRFCFJL7G;QG^XMBZ;TXT_6%7G;osHRZJU;^XAH V ;N9TUACJ W V ;Z^U;/HKTU;THR^UMRDGN V JL7G;TU;QÓ;HR2T
K NrJL79;"QG^U;TU;N2J®TXAI:EDGFIHKJLACMONGT¹«JU7G;"s^XTXJZMONGZ;N3JL^LHaJLAIMRNrQÓ;HRJU^LH/O;FITÇJUM«HR^ V TÇJL7G;Z;N3JU;^MR~.JL79; V MO:SHRAIN
¡#DGQGQg;^^UACtO73J%ZMR^UNG;^%MR~£JU7G;ZMR:SQGDBJhHKJUAIMONsHKF V MR:­HRACN.¦&¹PM¥;HKJLACNGt!OTUDGZZ;TUTUAO;FCW HRFCFÓJL79;MRJL7G;^FIMYZ/HRFgQÓ;HR2T
MR~£osHRZJU;^XAHRF5ZMONGZ;N3JL^UHKJLACMON5ACtO7 V ;N9TUACJUAI;TKHRFCDG;T[HR^X;NGMRJFCMBZHRFIA K; V MRNGFCW­M«R;^MONG;:<;TX7±;FI;:<;N3J
} AJL7dJU7G;?KHRFID9;T ,  3 *Q ,>=!V|,  3wO&QQ ,>=!V|,  3 *Q`Q ,>=¹ÓJL79;EZ;N2JU;^MR~ = AIT^U;HRZh7G; V :<MO^U;MO^FC;TXT 2DGAIZh2FCWR } ACJU7 ,  3 O&QQ`Q ,>=¹gJL7G;?QÓ;HR
MR~_ZMON9Z;N3JU^LHKJUAIMON V MB;TNGMRJ^U;HRZh7ÕJL7G;?Z;N3JU;^¹ÓJL7G;QG^UMOtR^U;TXTUACMONAIT[TXJUMOQGQg; V HK~½JU;^JL7G;FHKTXJ[FIMYZ/HRFQg;/HK 7GHRTog;;N M¥;HKJL;NOh~½JL;^JU7GAITQgMOTUAJLAIMRNGAINGt9¹9JL7G;ZMON9Z;N3JU^LHKJUAIMON±MR~
osHRZ&JL;^XAH'M ~ HK^ O®JLMJL79;%QÓ;HR V ;Z^U;HRTU;TZMON3JLACNYD9MODGTUFWEoGDBJ®R;^WrTUFCM«FWO } ;7sH/O;%JUMJLHRR;%FIHR^UtR;JLAC:S;"TJL;QGT
¡ QG73WYTUACZ/HRFÇJUAI:<;ETXJU;QGTL¦°AINMO^ V ;^°JLM
7sH/R;<TXAItON9ACsZHRN3J°KHR^UAIHKJLACMONGTMK~JU7G;rRHK^UAHKoGFI;T°HRN V ZMRNGTU; YD9;N3JLFWMR~
JL7G; V ;NGTXACJ W ,¯AINPJU7G;N2DG:<;^UACZ/HRFÓTUZh7G;:S;HRN V ^U;/HKZh7dHRT YD9AIZhHRTQÓMOTXTUACoGFI;°TXMO:<;JL79AINGtEFCAIK;H M¥TJhHKJUAIMONsHK^XW
TUMOFCD9JLACMONOL
K NJU7G;¯~MOFIFCM«ACNGt
HRNsHKFCWYTUACT^X;QgMO^XJUT¹;­H VGV JU7G;<QÓ;^UZ;N3JhHRtO;SMR~HR^X;/H
^U;QG^U;TU;N3JU; V o3W JL7G;<JL^UAIHRNGtOFC;T
^U;&JhHRACNG; V ~MO^%N2DG:<;^UACZ/HRFAIN3JL;tO^LHKJUAIMON ¡ AI;°JU^UAIHRNGtOFC;T7G;^U;JL7G; V ;NGTUAJ WAIT  , 9 *3¹GJU7G^U;TU7GMOF V KHRFCDG;¬¦ @ +.)$9B249>+L9B2 
 < <31I@ -09 1ª75  &
	 O
VVVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVVXWYZ\[^]___R`ab%c YZZedgfAhgYji uul _ lmZ
n b d%o%peqo c d%Y a f\orhgoZZsik _ ullvw%lu n[ a YZ\[ b py:z%o%p!{Y>i|k _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a ik ku  b  c i?] _ lxvw%lA>%gj _ ]vgV\l k] _ x%vgV\l k c h  c h {!hqY a:b d a f\o%pYZ  \k ]  a Yo  k _  kk\} b%c o%p!WoZZ\k k _  k\vw%lu ` Y ac Y%d\k u _ uutu^ b %d a fqsGu ¡k _ kk\vw%l ` Y ac Y%dhgop b%c o%p\k l _ t k\lt ` Y ac Y%dhgod b d%o%p\k l _ ux%l]VVVVVVVVrp b qo%p a YZ\{pdZ¢VVVVVV {!hqY a:b p b%c o%phgogfAhgo£i|k n b d%o%p {!hqY a:b d a f\o%pYZ   ] a YoXji k _  kk\n ab  c od%Yy!WoZZ*ik _  k\vw%lu'n ab  c od%Yy!WoZZ ` Y ac Y%d§i?u _ uutuVVVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVVXWYZ\[^]___R`ab%c YZZedgfAhgYji]]]]l _ l¢Z
n b d%o%peqo c d%Y a f\orhgoZZsik _ ullvw%lu n[ a YZ\[ b py:z%o%p!{Y>i|k _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a ik kux%]  b  c i?] _ tlvw%lA>%gj _ x%xvgV\l k] _ x%tvgV\l k c h  c h {!hqY a:b d a f\o%pYZ  \k k\  a Yo  k _ lul} b%c o%p!WoZZ\k k _  k\uvw%lu ` Y ac Y%d\k  _  k\t^ b %d a fqsGux%] ¡k _ x%lx%ltvw%l ` Y ac Y%dhgop b%c o%p\k l _ ul] k¨ ` Y ac Y%dhgod b d%o%p\k l _ x%VVVVVVVVrp b qo%p a YZ\{pdZ¢VVVVVV {!hqY a:b p b%c o%phgogfAhgo£i|k n b d%o%p {!hqY a:b d a f\o%pYZ   k\ a YoXji k _ luln ab  c od%Yy!WoZZ*ik _  k\uvw%lu'n ab  c od%Yy!WoZZ ` Y ac Y%d§i? _  k\t
 @ +.)$9B249>+L9B2 
 < <31I@ -09 1ª75   &
	 OPO 
VVVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVV___R`ab%c YZZedgfAhgYji k\ll _ lmZ
n b d%o%peqo c d%Y a f\orhgoZZsik _ ullvw%lu n[ a YZ\[ b py:z%o%p!{Y>i|k _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a ik k]t]]  b  c i?u _ k\vw%lA>%gj] _ lvgV\l k] _ x%vgV\l k c h  c h {!hqY a:b d a f\o%pYZ  \k ]xxgk  a Yo  k\u _ x%t} b%c o%p!WoZZ\k k _ t]vw%lu ` Y ac Y%d\k  _ x%^ b %d a fqsG]t]]  ] _ vw%l ` Y ac Y%dhgop b%c o%p\k k _ tu ` Y ac Y%dhgod b d%o%p\k k _ x% k\VVVVVVVVrp b qo%p a YZ\{pdZ¢VVVVVV {!hqY a:b p b%c o%phgogfAhgo£i|k n b d%o%p {!hqY a:b d a f\o%pYZ  ~]xxgk a YoXji|k\u _ x%tn ab  c od%Yy!WoZZ*ik _ t]vw%lu'n ab  c od%Yy!WoZZ ` Y ac Y%d§i? _ x%VVVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVV
»
PÍ»
Q
 
	! "#$&%&%"'%( pY
INRIA-MODULEF
INRIA-MODULEF
  À   ¿ &ÝËÃ&¼aËÅ¼ÏÐ¾áÀhÏ¿¨Ã¼[ÉªÃ/ËXÀÌÉª¿UÀhÏ¿¨Ã¼À ÏÅ¾××ÌÖ&Þ INRIA-MODULEF
INRIA-MODULEF
 	 Â£¿ªÞ ÏÐ¾¿  Ê¬ÏÐ¿ªÃ&¼°À ÏÅ¾É ÀÌ¾ &ÅÇÞÐ¿¨ÄÊ«ÉªÀÌÏÐ¿ªÃ&¼ÏÐ¿ªÄ"Å
¤#AItOD9^U; /q  
 
p
k  !$#%& ' (*
+,- ' /2143576%8*9:8<;<1:=794>0? 1:3 9:;h=DCIJ,e8*94=  :>FJ K%L 4N4OP Q K%LM:N4OPUT
 146"=7?nJ,? 5DI.1?:6%e8<;Z14= 1.\ 9 8Z8<I.9 e8*94=f8BE
	   N4K	 = l 1nXEJIoJI	5%14E;<8<;<14=g=DJ,9:I0qBr    v,w    x 
INRIA-MODULEF
INRIA-MODULEF
  À   ¿ &ÝËÃ&¼aËÅ¼ÏÐ¾áÀhÏ¿¨Ã¼[ÉªÃ/ËXÀÌÉª¿UÀhÏ¿¨Ã¼À ÏÅ¾ÔUÖ&Ö&Þ INRIA-MODULEF
INRIA-MODULEF
     ¿ Ý°ËÃ&¼aËÅ¼ÏÐ¾áÀhÏ¿¨Ã¼[ÉªÃ¬ËÀÌÉª¿XÀhÏ¿¨Ã¼À ÏÐÅ¾ÚÖ&ÖÞ
¤#AItOD9^U; R  
 
p
k  !$#%& ' (*
+,- ' /2143576%8*9:8<;<1:=794>0? 1:3 9:;h=DCIJ,e8*94=  :>FJ K%L 4N4OP Q K%LM:N4OPUT
 146"=7?nJ,? 5DI.1?:6%e8<;Z14= 1.\ 9 8Z8<I.9 e8*94=f8BE
	    N4K:K	 =  lt1nXEJIo4JI 5%14E;<8<;<14=g=DJ,9:I0qBr   Dv,w   Hx 
___R`ab%c YZZedgfAhgY*i ll _ l:Z n b d%o%peqo c d%Y a f\oehgoZZsi|k _ ullvw%lu n[ a YZ\[ b py:z%o%p!{Y>ik _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a ik k u  b  c i k _ uvw%lA>%gªx _ k\vgV\l k|] _ x%tvgV\l k  c h  c h
ÍÍ ¼}f~WØ
pOp   "#"'&
INRIA-MODULEF
INRIA-MODULEF
  À   ¿ &Ý°Ë¥Ã¼aË¥ÅX¼ÏÐ¾áÀhÏÐ¿ªÃ&¼É¨Ã¬ËXÀÌÉª¿UÀhÏÐ¿ªÃ&¼°À ÏÅ¾ Ö&Ö&Þ INRIA-MODULEF
INRIA-MODULEF
 	   ¿ &Ý°Ë¥Ã¼aË¥ÅX¼ÏÐ¾áÀhÏÐ¿ªÃ&¼É¨Ã¬ËXÀÌÉª¿UÀhÏÐ¿ªÃ&¼°À ÏÅ¾ÔUÖ&Ö&ÖÞ
¤#AItRDG^U;¬p  
 
p
k 	!$#%&n' (*
+,- ' /2143576"8*9 8<;<14=D94>0? 143A94;B=DCI,Je8*94=  4>J K%L 4N4OP Q K%LM:N4OPUT
 146"=7?nJ,? 57I,1?46He8<;Z14= 1.\ 9:8Z8<I,9 e8*9:=f8BE
	    N4K:K	 =  lt1nXEJIoJI	5%14E;<8<;<14=p=DJ,94I_qBr    v,w    x 
 {!hqY a:b d a f\o%pYZ  \k u  a Yo  l _ ]lul} b%c o%p!WoZZ\k~ _ x%llvw%lx ` Y ac Y%d\k u] _ x%x%]^ b %d a fqsGu   _ l]lvw%l ` Y ac Y%dhgop b%c o%p\k  _ ] k\ ` Y ac Y%dhgod b d%o%p\k x _ x% kk¨VVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a i?] ]  x%  b  c ik _ x%]vw%lA>%gju _ tl kvgV\l k] _ x%tvgV\l k c h  c h {!hqY a:b d a f\o%pYZ   ]  u k  a Yo  l _ k\ k\} b%c o%p!WoZZ ] ~u _ tvw%lx ` Y ac Y%d ]  ] _ ttu^ b %d a fqs x%   _ ut kxvw%l ` Y ac Y%dhgop b%c o%p ]  kx _ luxgke ` Y ac Y%dhgod b d%o%p ]  x _ ltVVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a i?  u]l  b  c i? _ ]vw%lA>%gjt _  kvgV\l k] _ x%vgV\l k c h  c h {!hqY a:b d a f\o%pYZ     uu  a Yo  l _ k\t} b%c o%p!WoZZ  ~] _ utt]vw%lx ` Y ac Y%d    k\ _ u]t^ b %d a fqsGu]l 'x _ x%]x%tvw%l ` Y ac Y%dhgop b%c o%p   k\ _ xx%l]^ ` Y ac Y%dhgod b d%o%p   ] _ ulVVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a iRx x]]u  b  c ik _ k\vw%ltA>%gj _ x%vgV\l k] _ x%vgV\l k c h  c h {!hqY a:b d a f\o%pYZ  Axg k\l]  a Yo  l _ uut} b%c o%p!WoZZAxg~ _ ]lvw%l] ` Y ac Y%dAxg  l _ x% b %d a fqsG]]u  t _ x%llvw%ll ` Y ac Y%dhgop b%c o%pAxg l _ ] ` Y ac Y%dhgod b d%o%pAxg l _ llx%]VVVVVVVVrp b qo%p a YZ\{pdZ¢VVVVVV {!hqY a:b p b%c o%phgogfAhgo£i¦x n b d%o%p {!hqY a:b d a f\o%pYZ   ]tu a YoXji©l _ n ab  c od%Yy!WoZZ*ik _ ]l]vw%lu'n ab  c od%Yy!WoZZ ` Y ac Y%d§i?u _ lx%lVVVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVV___R`ab%c YZZedgfAhgYji tll _ lmZ
n b d%o%peqo c d%Y a f\orhgoZZsik _ x%vw%lu n[ a YZ\[ b py:z%o%p!{Y>i|k _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a ik k x%]x%l  b  c i?] _ llvw%lA>%gju _ x%]uvgV\l k] _ x%vgV\l k c h  c h {!hqY a:b d a f\o%pYZ  \k t  a Yo  l _ ] k\t} b%c o%p!WoZZ\k k _ ut] kvw%lu ` Y ac Y%d\k  _ ux%]^ b %d a fqs x%]x%l ¡k _ kk\]l]vw%lx ` Y ac Y%dhgop b%c o%p\k  _ luu ` Y ac Y%dhgod b d%o%p\k u _ l k¨VVVVVVVVVVVVVVVVVVVVVVVVVVVV~} b%c o%phgo{!hqY a i?] ] u]ul  b  c i? _ k\vw%lA>%gjt _ tvgV\l k] _ x%tvgV\l k c h  c h {!hqY a:b d a f\o%pYZ   ]  u  a Yo  l _ k\ k} b%c o%p!WoZZ ] ~] _ uluxvw%lx ` Y ac Y%d ]   k\ _ lu^ b %d a fqsGu]ul 'x _ ]u k\tvw%l ` Y ac Y%dhgop b%c o%p ]  k\t _ l] ke ` Y ac Y%dhgod b d%o%p ]  ] _ ]ltVVVVVVVVrp b qo%p a YZ\{pdZ¢VVVVVV {!hqY a:b p b%c o%phgogfAhgo£iR] n b d%o%p {!hqY a:b d a f\o%pYZ   kk\t a YoXji©l _ x%]l
»
PÍ»
Q
 
	! "#$&%&%"'%( pKc
n ab  c od%Yy!WoZZ*ik _ ]x%]tvw%lu~n ab  c od%Yy!WoZZ ` Y ac Y%d®i¦ _ ]x% krVVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVV%VV___R`ab%c YZZedgfAhgY*iGk\lll _ l:Z n b d%o%peqo c d%Y a f\oehgoZZsi|k _ ullvw%lu n[ a YZ\[ b py:z%o%p!{Y>ik _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a ik k ux%]  b  c iD] _ uvw%lA>%gª| _ x%xvgV\l k|] _ x%tvgV\l k  c h  c h {!hqY a:b d a f\o%pYZ  \k   a Yo  l _ kx%uu} b%c o%p!WoZZ\k k _ ]uvw%lu ` Y ac Y%d\k ~ _ t] b %d a fqs¤ux%] k _ t k\ kvw%lx ` Y ac Y%dhgop b%c o%p\k  _ xgk\] k\ ` Y ac Y%dhgod b d%o%p\k  _ ]t]XVVVVVVVVep b qo%p a YZ\{pdZmVVVVVV {!hqY a:b p b%c o%p¨hgogfAhgo*ik n b d%o%pe{!hqY a:b d a f\o%pYZ    a Yo*i©l _ kx%uun ab  c od%Yy!WoZZ*ik _ ]uvw%lu~n ab  c od%Yy!WoZZ ` Y ac Y%d®i¦ _ t]X
INRIA-MODULEF
INRIA-MODULEF
  À   ¿ &ÝËÃ&¼aËÅ¼ÏÐ¾áÀhÏ¿¨Ã¼[ÉªÃ/ËXÀÌÉª¿UÀhÏ¿¨Ã¼À ÏÅ¾ÔUÖ&Ö&Þ INRIA-MODULEF
INRIA-MODULEF
     ¿ Ý°ËÃ&¼aËÅ¼ÏÐ¾áÀhÏ¿¨Ã¼[ÉªÃ¬ËÀÌÉª¿XÀhÏ¿¨Ã¼À ÏÐÅ¾ÚÖ&ÖÞ
¤#AItOD9^U; /c  
 
p
k  !$#%& ' (*
+,- ' /2143576%8*9:8<;<1:=794>0? 1:3 9:;h=DCIJ,e8*94=  :>FJ K%L 4N4OP Q K%LM:N4OPUT
 146"=7?nJ,? 5DI.1?:6%e8<;Z14= 1.\ 9 8Z8<I.9 e8*94=f8BE
	     K:K:K	 =  lt1nXEJIo4JI	5H1E;<8<;<1:= =DJ,9:I0qBr   Dv,w   cx 
 @,+.)9209>+L9B2 
 < <31I@P- 9 1ª75  & M$OPO O  ¹    "
& 	F 
VVVVVVVVVVVVVVVVVVVVVVVVVVV%VVVV%VVV%VVVV%VVVVVVV%VV___R`ab%c YZZedgfAhgY*i  Z n b d%o%peqo c d%Y a f\oehgoZZsi|k _ uxvw%lu n[ a YZ\[ b py:z%o%p!{Y>ik _ lllllvw%ltVVVVVVVVVVVVVVVVVVVVVVVVVVV%V } b%c o%phgo{!hqY a ik kx%u  b  c i?x _ x%]]vw%lA>%gª|t _ x%vgV\l k|] _ x%vgV\l k  c h  c h {!hqY a:b d a f\o%pYZ  \k   a Yo  l _ k\]u} b%c o%p!WoZZ\k k _ x%vw%lu ` Y ac Y%d\k ~ _ tu] b %d a fqsGx%u '] _ u]vw%lx ` Y ac Y%dhgop b%c o%p\k k\] _ tlll ` Y ac Y%dhgod b d%o%p\k k\] _ ttuXVVVVVVVVep b qo%p a YZ\{pdZmVVVVVV {!hqY a:b p b%c o%p¨hgogfAhgo*ik n b d%o%pe{!hqY a:b d a f\o%pYZ    a Yo*i©l _ k\]un ab  c od%Yy!WoZZ*ik _ x%vw%lu~n ab  c od%Yy!WoZZ ` Y ac Y%d®i¦ _ tu]X

	
&?
} ;"7GH¬R;%QG^U;TU;N2JU; V 7G;^X;%H°ZMR:SQGDBJhHKJUAIMONsHKFYTXZh7G;:<;"7GACZh7¯HRFIFCM«TJL79;"TUAC:EDGFHaJLAIMRNMR~.Zh79;:<MRJhHRZ&JLACZ"osHRZ&JL;&
^UAHHRtOtO^X;t3HKJUAIMON£TÇJL7G;MO^U;&JLAIZHRFIFWQG^U; V AIZ&JL; V ¹OJL7G; V ;NGTUAJ Wr^U; V AITJL^XAIoGD9JUAIMON V DG^UACNGt°JL79;%;OMRFID9JUAIMONrQG^XMBZ;TXT
ÍÍ ¼}f~WØ
pK=   "#"'&
INRIA-MODULEF
INRIA-MODULEF
  À   ¿ &Ý°Ë¥Ã¼aË¥ÅX¼ÏÐ¾áÀhÏÐ¿ªÃ&¼É¨Ã¬ËXÀÌÉª¿UÀhÏÐ¿ªÃ&¼°À ÏÅ¾ Ö&Ö&Þ INRIA-MODULEF
INRIA-MODULEF
 	   ¿ &Ý°Ë¥Ã¼aË¥ÅX¼ÏÐ¾áÀhÏÐ¿ªÃ&¼É¨Ã¬ËXÀÌÉª¿UÀhÏÐ¿ªÃ&¼°À ÏÅ¾ÔUÖ&Ö&ÖÞ
¤#AItRDG^U;=  
 
p
k 	!$#%&n' (*
+,- ' /2143576"8*9 8<;<14=D94>0? 143A94;B=DCI,Je8*94=  4>J K%L 4N4OP Q K%LM:N4OPUT
 146"=7?nJ,? 57I,1?46He8<;Z14= 1.\ 9:8Z8<I,9 e8*9:=f8BE
	      K:K:K	 = lt1nXEJIo4JI 5%14E;<8<;<14=g=DJ,9:I0qBr    v,w    x 
INRIA-MODULEF
INRIA-MODULEF
  À  ¿ &Ý°Ë¥Ã¼aË¥ÅX¼Ï¾ÀÌÏÐ¿ªÃ&¼É¨Ã¬ËÀ&É¨¿XÀÌÏÐ¿ªÃ&¼°À ÏÅ¾ÔU×&Ö&ÖÞ INRIA-MODULEF
INRIA-MODULEF
 	 5Â¿ Þ ÏÐ¾¿  Ê«ÏÐ¿ªÃ&¼À ÏÅ¾ÀÉ¨Ã¼ÏÐ¿ªÄ"Å
¤#AItRDG^U;&b  
 
p
k 	!$#%&n' (*
+,- ' /2143576"8*9 8<;<14=D94>0? 143A94;B=DCI,Je8*94=  4>J K%L 4N4OP Q K%LM:N4OPUT
 146"=7?nJ,? 57I,1?46He8<;Z14= 1.\ 9:8Z8<I,9 e8*9:=f8BE
	      K:K:K	 =  lt1nXEJIo4JI 5%14E;<8<;<14=g=DJ,9:I0qBr   Dv,w   Hx 
HRQGQg;/HR^XTJLMog;rTXJL^XMONGtOFW V ;QÓ;N V ;N2JMON JL79;r:SM V ;F£DGTU; V ~MO^JL7G;rTXMODG^UZ;±¡ QG^XM V D9ZJLACMON.¦MK~"HKJXJL^UHRZJLHRN3JLT
} ACJU7?JL7G;®s^UTJÇ:<M V ;F¡ TUMRDG^UZ;MR~gHKJXJL^UHRZJLHRN3JLT#Q9^UMOQgMO^XJUAIMONGHRFOJLMJU7G;oGHRZJU;^UAIHRF V ;N9TUACJ W!,Y¦&¹RTU;R;^UHRFGAITXMOFHaJL; V
»
PÍ»
Q
 
	! "#$&%&%"'%( pb
QÓ;HR2T®MK~ÓoGHRZJU;^UAIHRF9ZMONGZ;N3JL^UHKJLACMON¯:­H/W?HRQGQg;/HR^#áZMONGZ;N3JL^UHKJLACMONrFIMYZ/HKFIA K; V M«R;^_MONGFW?MRNG;%;FC;:<;N3J/¹O7GACZh7
AIT%TUMR:S;&JL7GACNGt¯FIAIK;H<mAI^LHKZ:SHRTXTHaJ V AITXZ^U;&JL;FI;&O;FHRN V ^U;:­HRACN
:SMO^X;MO^%FI;TUTHKJ%JL79;TUHR:S;QGFIHRZ;HKFIMONGt
JL7G;;RMOFIDBJLAIMRNQG^UMYZ;TUT
K N3JL^XM V D9ZAIN9tPH­ZD9JLMRKHRFCDG;ACN±JU7G;?QG^XM V DGZJUAIMON±MR~_HKJXJL^LHKZJhHKN2JUT¹gJL7G;s^UTJ°Qg;/HR
MR~oGHRZJU;^UAIHRFZMON9Z;NY
JL^LHaJLAIMRN­JL^UH¬R;FCTJUMEJL7G;Z;N3JL;^MK~JU7G; V MO:SHRACN5¹ M ;FIAC:SACNsHKJUAINGt!O"HRFCFÓJL79;TU;ZMON V HK^XW
Qg;/HR2T_[~½JL;^HEZ;^JhHRACN
HR:SMRDGN3J°MR~JUAI:<;R¹.7GAItR7 V ;N9TUACJUAI;TKHRFID9;T°^X;:SHRAIN±FIMYZ/HRFCA K; V MRNÕTU:SHRFIFQsHK^XJ°MK~JL7G; V MO:­HKAIN¡Ðq9?JLMd <¦
oGD9J[NGMRJMON9FCWPM¬R;^[MONG;:<;TU7 ;FC;:<;N3J/
 S
, 	& $? r
bdHRN3W
JL7sHRN9YTJLM  g]£;^XJU7sHR:<;~MO^%~^XDGACJX~DGF V AITXZDGTXTUACMONGTHRN V ~MR^[^X;FC;KHRN3J[TUDGtOtR;TXJUAIMON9TZMONGZ;^UNGACNGtSJU7GAIT
MO^X.
 %K"!£

	
 !#"$%&'(*)+,.-/)01324)05687:9;<>=%T@?BA%J,14IT  ;<1:>FTDCEGF:HJIGIGKML$IGENCB<O&P$G
JI8(Q:R!:S5T53T53)0U(V:WX:SY3,<Z[)0D\;T9,%^]_0153T9D`a1b$`9,3;<cYAedET#f	JoThgC,iN_j/FGi:<OGFN+k	C_IGFGF:G
JE8(QWlBSY3,<CXWXlZ[)0;T56e5T9aCmWXBn0)opCB !B"$132,q&`'CpV"rsZat,2_5664u,9'uR9vorw;39)0aCl5yx
5T6015T9)0z1{)0``D\;3GY| 14=c> ;h=DJ94I;<8}dGCh<I,j~N+k	H<F&P$L#<FGOG:Cl<OGOGO:
 N0(QWl$S[3,<C:s"r+B+953)MrC:
>s!+S[w:3GhWp2+b$;T91<`r4{132_,9;34;[})0[1324)056015T91\_5T53Tu/)0T4u8x
5T9)0]+b+]_0153T9D:  ;Z15_A+dE;<ek94>B=y1:6yI=794>vC#P8NH<i&PGP<L#<iGOGE:CX<OGOG:
JK8XZ[)0TT9D0;<ClSaWXT5T2_4GCp!l.G%u 4)+,`4)05T9053{]eb,%G9)0%&{;T9;< /dTpf	J=7?46yE!	ek9 ?nTYDeT
c 9:I;hE	C:53)u\,\.<<
J8^l+%&u"rXhw16q+2_w;<Q	7:\,`)G;T9)0);3)0`w,5T9)053)z*;Tb$;3534)>\_T5T9D`@:9voh3e5T9D`{+w_5T9)0;
4)$,``9,%1624)05687$9;<!?HI,94=HETh3AJITBg9 8~A%TBD1eTDCIGEGO,j/I&k	HJ:<OML$GINCX<OGOGI:
sPM(Q mT33),C
p(*{:9_:CY_pt`D<+w&X9,953U5T94%G%G3%e5T9)09e53)*;T9,%G`\.)09e5^9 
3<015T9)0:x¡:9vo.w;T9)0z;Tb$;3534p| 14=c> ;h=J,94I;B8}dGCh<F,j/&k	HMP0EGOML#MP0KNCX<OGO&P$
J8(Q ,T33)u¢_t`D<+w&YZY24)056015T91£1{)0``D\;6})0@5T2q&``yx¡;6%&`a4)+,`'>="TBg9:8~AHT  ;Z14>TC
EGK,j/I&k	HMPGP<L#<ONCX<OGOG:
JO8m{162e5 !m(*T3)$1{1{),¤w,4T91<`;T94w,`D5T9)0 )2533)¥yw,15T9)0 ;T5TTw15Tw,3{;^w;39,%*4^9v7,{Q¦,953
`4+53;)0\.653)0X;3\,`95T5T9,%+§¨©ª`)M«@9;Tq+9'CG{:953)0<Cf^n`48~A a=f8]JI=79:8<;Z14=79:>/214=\JIJ=7eJ	14=p/21:3 5D6"8<;B=  
 J8~A"1?E[;B=¬t5 5D> ;*J,?De;*J=7ekJE 94=D?gm=  4;B=DJJI;B=  GC\_%&{;I&P$L$IGG:CB­t®{;395<C_],Tw_Tb<OGOGI:@¤)<G
"$191{Wpw,],`9;T23;<C§¨1G
<F8,{132e5>¢ !:(*T3)$1{1{),m(9v7,{¦,953`4e5;T94£w,`D5T9)0)X2533)¥¯w,15T9)0°;T5TTw15Tw,3{;@91`w:9,%
].)0w,TbU`D{b&>4)$,`./)0@5T2new_0;39vx/}T4^9a`&`;MW/[±Y¢cg²pCh<E,j~N+k	HsP0K&P<L:PGP0F:Cr,{1{4£].£<OGON
G	 ¬
p`S)0w,q+9`9_^ !0(*T3)$1{1{),_ 31`,%G5T21{)0e5T9+w_5T9)045T2)$,;\,\,`91<5T9)0;53)nI0^:T9v~5yx¡:9vo.w;T9)0
;34^91{)0:w153)0{ew_5T9)0;M©\,\.)0T5>,3{1323162!IGKNe:C_§¨¤©>§¯ C+4u9<OGOGK:
<I8 !+
`.S)0w,q$9`9'X=79:>³dEJ 3 9 8~A:´3A9:8<;ZG6HJ_J8E;h3 6"> 9:8<;Z14=S=f6y3u´I;<G6HJ_X;Z?4;h3 J=cE;Z14=c=DJ>B>Ji?nJEi?4;$E]5%1E;B8<; \kEEJ3 ;BY
e1:=7?46He8]J6"IkEnµA,´8¡´I,1y¶1:=7e8<;Z14=HE25%9:I	>T· 95 5DI.1eA%Jn´>´3 J=f8BEB¸ =c;$Eb3 ;v¹ 8]JE	rWp2Rº5T2{;T9;<Ce»>,9.GWp9T3>5(zT9
ZYw,T9GC#WXT9;<C_,®{1{4£],3u<OGOGK:
¼¼¾½$¿rÀÁMÁÂ
  	


<E8u !&(zT3)+1{1{) uWp2a+(°)0+56T_`'X"+94w,`D5T9)0U,{;4)+`{;[T%Gb+x'5T6;T\r)0T5`J9,,{;[®`®4e53;Y¦,9;
4^9v7:53{;<W/dT fWT.	e9 ?yTlDe;*Thc 94I;$ECEGIGE,j'"$®T9£§Tk	HJKGEGKML$KNGCB<OGOG:
N0uWp2ar(*)0e56T_`' 1?>JEA?nJ_8<I.9:=HE*5%1:I8	?B· ´=DJI  4;*J ?nJE EJ3_;BY ek14=7?46He8]J6"IkEl´8<6H?nJE 94Ed435D8*1:8<;ZG6HJE J8mI3´E14Y
> 6"8<;Z14= 5%94I0?yJE!´>´3 J=f8BE¸d=c;hE 3_;¹:8]JEpWp2R5T2{;T9;<C_»>,9&3;T953®WmT9;t§	C:)+153)0],3<OGO&P$
<K8u©,ª`)<«@9;Tq$9l¢WXaX``{1GY6  :3AJ=f8]J,?^²)9  :I.94= 4;<9:=[9:=7?±5HJI.9:8*1:I:57> ;B8Z8<;B=   J8~A"1?EW;h=¢|W14=f> ;B=DJ,94I
 Je	A"94=c;ZeEY"+5Tw:9{;9 \,\,`9{¢(z5T24u5T91{;<r"$§¯ (QC,Wp2,9`D0,`\,2,9D:Cl<OGGO:
¼
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
